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PREFACE

This bibliography was prepared at the Structures Laboratory (SL)

!' of the U. S. Army Engineer Waterways Experiment Station (WES) under the
o sponsorship of the Office, Chief of Engineers (OCE), U. S. Army, as a

[ part of Civil Works Investigation Work Unit 31553. The study was

hl authorized 16 February 1977 by first endorsement of a WES letter dated
Lj 3 January 1977. Mr. Fred Anderson of the Structures Branch, Engineering
i Division, OCE, served as technical monitor.

i The study was conducted under the general supervision of
v Mr. Bryant Mather, Chief, SL, and Mr. John Scanlon, Chief, Concrete

' Technology Division, SL, and under the direct supervision of Mr. James E.
;e McDonald, Chief, Evaluation and Monitoring Group, SL. The report was

.. prepared by Mr. McDonald and Mr. Edward F. O'Neil.

Commanders and Directors of the WES during the course of this
study and the preparation and publication of this bibliography were
COL John L. Cannon, CE, COL Nelson P. Connover, CE, and COL Tilford C.
Creel, CE. The Technical Director was Mr. F. R. Brown.
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ANNOTATED BIBLIOGRAPHY: POLYMERS IN CONCRETE

[ | INTRODUCTION

1. One of the largest duties of the Corps of Engineers in
managing this nation's navigable waterways is the operation of over
6500 civil works projects. Many of these projects have associated with
them one or more concrete sturctures such as dams, locks, flood walls,
powerhouses, and bridges. A study conducted of these projects showed
that 60 percent of these sturctures are over 20 years old and more than
25 percent are older than 40 years. With the declining emphasis on new
construction projects within the Corps, a greater need to repair and
maintain these concrete structures has emerged.

2. The development and evaluation of materials for potential use
in the maintenance and repair of civil works structures is part of the
objective of this research work unit. One of the efforts that has veen
made in fulfillment of the objectives of this work unit has been the
compilation of an annotated bibliography on the subject of polymers in
concrete. The use of this material in concrete has become accepted as a
useful repair material during the past decade, and as such, much
information has been written on its use and material properties.

3. The bibliography has been divided into four sections to group
papers of a type together. Section A deals with papers that are grouped
under the category of polymer concrete and polymer portland cement
concrete. There are 615 abstracts in this section and the papers relate
to the use of polymer materials to entirely replace the portland cement
in the concrete (polymer concrete) and the use of polymer materials
mixed with portland cement (polymer portland cement concrete). These
papers range from 1954 to present. Section B has 248 references that
range from 1967 to present and relate to the topic of polymer-impregnated
concrete where monomers are saturated into hardened concrete and
subsequently polymerized. Section C covers latex-modified concretes and
has 256 abstracts on articles dating back to 1922. Section D describes
92 articles on sulfur concrete with articles as far back as 1924.

T
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4. In the bibliography, each entry of literature appears only
once in the section in which the title is most significantly identified,
although the contents of some may be associated with two or more
sections of subjects. Attempts were made to include all relevant
references on the subject of polymers in concrete; however, considering
the number of references in this broad field, many articles have been
omitted.
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5. As a guide for the users of this bibliography, a complete
subject index and author index are provided.
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SECTION A
POLYMER CONCRETE
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1954

Al Rissel, E., "Patching of Concrete Pavements” (in German),
Forschungsgessellschaft fiir das Strassenwesen E. B. Schriftenreihe
der Arbeitsgruppe Beton-strassen No. 5, 1954, pp 58-61; Transla-
tion: PCA Literature Research Section Foreign Literature Study
No. 147.

This paper reviews earlier observations made on the Kassel and
Frankfurt sections of the Autobahn and the results. The results provide
a pattern for the appraisal of other tests, especially those which were
wholly or in part negative.

The test evidence may be summarized as follows:

1. It is mandatory to thoroughly clean the old concrete surface;
this was formerly considered to be only "necessary.”" For heavy traffic
conditions sand blasting or similarly effective procedures cannot be
avoided. Other methods of cleaning the old surface, including chemical
methods, have not led to desired results.

2. For heavy traffic conditions, such as on the Autobahn, the
patching mortar should be applied mechanically. The use of a parabolic
screed with vibrating apparatus as proposed by Dr. Leins deserves spe-
cial attention.

3. Mortar used in grouting (shotcreting) may be of wetter consis-
tency than used otherwise.

4. Patches should extend only to cover damaged spots. Thin
"coatings" extending over whole or parts of slabs are to be avoided for
technical and economic reasons.

5. It seems particularly important that cement be allowed to
harden a sufficiently long time to develop its full bond. To permit the
cement to participate in the bond between patch and old surface, the
latter should be saturated at least at the surface before patching be-
gins. Rapid hardening cements are recommended for rush work.

6. Further treatment - according to experience at Frankfurt,
Kassel, and in hydraulic structures - is needed only when patches are
exposed to direct sunshine in the summer. Some authorities recommend an
after treatment, others do not.

1956
A2 Michaels, A. S., "Surfactant-Treated Minerals as Reinforcing

Fillers,” Industrial and Engineering Chemistry, Vol 48, No. 2,
Feb 1956, pp 297-304.

The object of this investigation was to determine the effect of
treatment of the surfaces of certain mineral fillers with selected
surface-active compounds upon the physical properties of resinous or
elastomeric compositions containing such fillers.

Mineral solids used were kaolinite and wollastonite. Surface-
active agents employed were a fatty quaternary ammonium salt, and a fatty
amine. Polymers used were GR-S, a poly(vinyl chloride) - vinylidene
dichloride copolymer, plasticized poclystyrene, and an epoxy resin.
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Compositions were prepared by suspending the filler in water; adding the
surface-active agent; adding the resinous material as an aqueous emul-
sion; coagulating the solids, filtering off the water, and drying; and
compression-molding and/or -curing the product at elevated temperature
and pressure.

The results of this study lead to the following conclusions.

Treatment of mineral fillers such as kaolinite or wollostonite
with small controlled quantities of selected surface-active agents is
accompanied by improvement in strength and stiffness of plastic or
elastomeric products containing 50 percent by weight of filler, provided
the untreated filler does not disperse readily in the resin with which
it is compounded. Excess treatment of the filler is detrimental to
physical properties. Surfactant treatment causes reduction in strength
and stiffness of compounds based on resins in which the filler disperses
readily without treatment.

1958
A3 Norgenstern, E. A., and Stander, M., "Reinforced Plastic Protective

Coatings,” Bureau of Ships, Journal, Vol 7, No. 2., Jun 1958,
pp 13-17.

The purpose of this article is to present background information
as well as the experience with reinforced plastics that led the Bureau
to approve their use as protective coverings for wood decks.

Reinforced plastics, as known today, are synthetic resinous pro-
ducts combined with fibrous glass reinforcements. The resin most com-
monly used is the polyester type. Epoxy resins have certain advantages
over the polyesters, but their use so far has been limited by higher cost
and greater handling difficulties.

1959

Ad Gaul, R. W., and Apton, A. J., "Epoxy Adhesives in Concrete Con-
struction,” Civil Engineering, Vol 29, Nov 1959.

Epoxy adhesives have been used in both concrete and asphalt sur-
faces to bond new concrete to old, to bond precast concrete sections,
to anchor traffic bars to road surfaces, to level chuckholes, to fill
cracks, spalls, and depressions, to bond traffic buttons to the roadway
surface, and to bond steel dowels into concrete pavement. In fact, for
the past five years adhesives with an epoxy resin base, in liquid, paste,
and grout forms, have been undergoing tests as bonding agents for con-
crete in highways, bridges, aircraft runways, buildings, streets, and

3

& sidewalks.

Ei Results of the tests have been impressive. Epoxy adhesives have

- proved versatile and easy to use; they form bonds that are actually

- stronger than the concrete itself. Costs for materials and labor

L frequently are less than half those of conventional repair methods. In

b1 many cases the use of these adhesives will speed repairs so that traffic

L can move over a repaired area in about three hours.
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A5 Pepper, L., "Epoxy Resins for Use on Civil Works Projects:
Summary of Data Available as of 1 March 1959,"” Technical Report
No. 6-521, Report 1, U. S. Army Engineer Waterways Experiment
Station, CE, Vicksburg, Miss., Aug 1959.

Epoxy-resin systems have been formulated, sold, and used for a
wide variety of applications because of their strength, adhesion,
stability at high temperatures, resistance to chemical attack, abrasion
resistance, and electrical characteristics. This report reviews the
available literature and manufacturers' publications to determine the
potential uses of epoxy resins on Civil Works projects. These possible
uses fall into three general categories: adhesives, fillers, and
coatings. Specific applications that have proved successful are
described.

1960

A6 Lawrence, J. R., Polyester Resins, Van Nostrand Reinhold Co., New
York, 1960.

The term polyester resins encompasses a variety of materials.
However, technically, by virtue of usage, the compositions which are
generally recognized by this designation are the unsaturated polyester
resins, widely employed in reinforced plastics; and it is these
& compositions which are described in this book.

g Polyester resins have attracted particular attention because of
8 their ease of handling and fabricating. This processing ease has

;- allowed them to pave the way in new areas of usage in many fields.

*. Reinforced with fiber glass and other fibrous material they have been
= one of the leaders in bringing about the acceptance of reinforced

k. plastics as structural materials, now widely used on the basis of their

X merits and not merely as substitute materials.

- This book presents a review of polyester resins from the standpoint
9 of chemistry, curing, and diversified applications. As with other books
in this series, the presentation is aimed at giving a better understand-
ing of the materials and how they are used, without becoming unduly
involved in theoretical considerations. In this manner, the book is
intended to serve as a guide to those directly or indirectly associated
with fabricating or using articles fabricated from polyester resins.

A7 Tremper, B., ""Repair of Damaged Concrete with Epoxy Resins,”
Proceedings, American Concrete Institute, Vol 57, Aug 1960.

d
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The use of adhesives and binders containing epoxy resins by
California Division of Highways in repairing concrete is described.

v e
N
.

o Illustrations of their use in repair work are given. The discussion

:! includes possible variations in formulation to secure wanted properties

;5 for specific uses, methods of application that are necessary to obtain C

b strong and durable repairs, and a typical formulation for general use. S
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A8 Westall, W. G., "Bonded Resurfacing and Repairs of Concrete
Pavement,” Bulletin, Highway Research Board, Bulletins 258-260,
1960, Washington, D. C., pp 14-24.

For several years the Research and Development Division of the
Portland Cement Association has investigated methods and materials for
bonding relatively thin layers of concrete to old pavements or floors.
The laboratory tests were designed to evaluate such factors as surface
cleanliness; smooth and roughened surfaces; damp and dry surfaces;
cement-sand mortars and neat cement grouts for bonding courses; concrete
resurfacing mix designs; and methods of placing the resurfacing concrete,
including surface and internal vibration, mechanical float compaction
and pneumatic pressure application. Tests were made of the effectiveness
of the bond as measured by the load required to shear the concrete along
the plane of the junction of the two layers of concrete. These tests
indicated that the most important single factor was the condition of the
old surface - its cleanliness, texture, and strength or soundness. If
the surface was clean and free of a weak outer skin, very good bond was
generally obtained; otherwise relatively poor bond was obtained.

The purpose of this paper is to discuss bonded concrete construc-
tion and its various applications to pavements, to describe projects
which have been accomplished, and to illustrate the essential steps in
surface preparation and construction. All the jobs discussed were
constructed at airports.

1961

A9 James, J. G., "The Use of Epoxy Resins in Road and Bridge
Surfacings,” Resin Review, Vol 1, No. 3, 1961, p 6.

The use of epoxy resins has become established in structural
engineering, and in the last few years it has been experimentally applied
to road engineering. The major applications that have been tried for
road engineering are listed in this article. It is concluded that for
: some work, such as concrete repair on major roads, epoxies may prove
- useful, but that sufficient experience has not yet been acquired to es-
tablish the best formulations and techniques or to forecast the possible
T extent of their use in the future.

552 All  Minarik, W. L., "Use of Epoxy Resins,” Public Works, Vol 92,
— Sep 1961, pp 116-118.

0 Epoxy resins are becoming widely accepted as new materials of
o construction and tools for maintenance. Architects and engineers are
. specifying them for new construction and reconstruction projects. Con- R
tractors and supply houses are recommending them for maintenance work rfui-"‘
and corrective applications. The Federal government and many state »
highway departments have written specifications for epoxy resin
materials.

A large volume use of epoxy resins is for surfacing and repairing
roadways and bridges. Epoxy road surfacing materials are also used as

10
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waterproofing membranes on bridge decks and concrete roofs. Another
important use for epoxy road surfacing material is for patching and
repairing.

Al2 Murai, N., and Mizuno, S., '"Thermosetting Plastics Swelled with
Grainy Fillers (Plastics Concrete),” Review of the Electrical
Communication Laboratory, Vol 9, No. 9-10, Nippon Telephone and
Telegraph Public Corp., Tokyo, Sep-Oct 1961, pp 581-588.

Polyester resin swelled with grainy fillers is described in this
paper. The fillers are different in size, i.e., powder of calcium
carbonate of 2-5u, iron sand of 100-200y, sand of 300-400pup, and stone
of 3-5 mm. The mixing ratio for high workability and strength has been
determined. The characteristics of the mixture thus obtained ‘ter
curing, which is called Plastic Concrete (P.C.) are as follo
Compressive strength - 12 kg/mm?; modulas of elasticity 2000 kg/

2; flexural strength - 3 kg/mm?.

1962

Al3  ACI Committee 403, “Guide for Use of Epoxy Compounds with
Concrete,” Proceedings, American Concrete Institute, Vol 59, Dec
1962, pp 1121-1141.

Describes proper procedures for the use of epoxy resin compounds
for skid-resistant overlays, waterproofing, patching, crack and joint
sealing, bonding new concrete or hardened concrete to old concrete,
grouting, coatings to prevent chemical attack and other uses. Methods
of surface preparation of both concrete and steel, removing contamination
prior to applying epoxy compounds, and for applying the epoxy resin
compound are described. A test for appraising the soundness of the
concrete surface and adhesion to it is suggested. Since epoxy compounds
are often toxic, safe handling practice is extensively discussed.

Al4  "Those Wonderful Epoxies,” Engineering News-Record, Vol 169,
No. 12, Jul 1962, pp 28-34.

Because of their amazing properties, epoxies are being touted as
the miracle materials of the age and a panacea for construction problems.
They will do much that is claimed for them but they have limitations.
This paper is a study of what epoxies are, what they will do and won't
do, with suggestions for and about their use in construction.

Al5 Welch, G. B., et al., "Epoxy Resin Concrete,” Civil Engineering
and Public Works Review, Vol 57, Jun 1962, pp 759-762.

The paper presents details of experimental investigations into new
concrete materials in which an epoxy resin replaces the usual cement-
water paste as the binding constituent.

The epoxy concretes have generally very high strength characteris-
tics, with particularly high tensile and bond strengths. Figures for

11
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elastic modulus, Poisson's ratio, curing shrinkage, thermal movement,
etc., are also given for typical epoxy concrete mixes, together with
details of different aggregate gradings and resin formulations examined.

The important influence of varying the composition of the epoxy
binder, by including a flexibilising modifier to increase flexibility is
demonstrated by the results, and a satisfactory compromise which gives
intermediate properties is indicated.

1963

Al6 Jejcic, D., "Resin Concretes,'” RILEM Bulletin No. 18, Mar 1963.

Resin concretes are a somewhat special extension of the very vast
field of filler plastic materials. Some of the synthetic resins can in
fact be used to bind the most varied materials. Products of the binding
of materials generally used for the manufacture of concretes have quite
special features: their mechanical properties and outer appearance are
similar to those of ordinary concrete. In certain of their characteris-
tics, however, resin concretes are superior to ordinary concretes and
can in a sense complete them. Inasmuch as concrete is at the present
time the most extensively used building material, a material which in a
way characterizes our age in the field of construction, these charac-
teristics of the new material acquire a special importance.

Resin concretes are markedly superior to ordinary concretes:

- in their tensile strength which, depending on the composition of
the binder and the batching, can amount to several hundred kg/cmz;

-~ in their very strong bonding, which exceeds the tensile strength
of ordinary concrete;

- in the speed with which they acquire their strength. The speed
is greatly influenced by temperature, but there are types of resins which
harden in 24 hours at ordinary temperature (18-20° C). If one is willing
to work at moderately high temperatures (up to 100° for example), it is
possible to obtain times of hardening that are as short as practical
placing will allow (a few minutes);

- in their impact strength, which is the weak point of ordinary
concrete;

- in their resistance to the effects of chemical agents;

- in the slighter shrinkage of concretes prepared with certain
types of epoxy resins.

Al7 Popava, 0. §., ""Creep of Polymer-Containing Concrete” (in Russian),
Sh. Tr., Lengrad, Inst. Inzh. Zheleznodorozh. Transp., No. 276,
1967, pp 113-27; Chemical Abstracts, 109561j, Vol 69, No. 26, 1963.

Cement was compounded with 2 or 6 percent of resin No. 89 (I)
(epichlorohydrin-m- (HyN),CgH4 condensate) and aged for 28 days at 15-18°
in air of 45-55 percent or 85-90 percent relative humidity. The concrete
samples were then compressed with a pressure (P), which was 0.5-0.8 of
their compressive strength at break (o). Curves were obtained showing
the change of relative deformation (&) with time, and &/P versus 0. The
ratio €/P (in cm?/kg) was called the true measure of creep. In all cases

12




the additions of I decreased £¢/P and £ of the concrete. Typically the
addition of 6 percent I and aging the samples at 15-16° and 45-50 percent
relative humidity gave £/P = 6.80 X 10°% cm?/kg.

Al8 Riley, 0., "Bridge Deck Repair Techniques on the New Jersey
Turnpike,” Public Works, Vol 44, No. 5, May 1963, pp 126-129.

Based on our experiences with the Passaic River Bridge deck, we
have recommended revised standards for the Authority's new bridge deck
design. At the Lincoln Tunnel Interchange, now under construction, this
design is being used. It features an 8-in. reinforced concrete slab
constructed in the light of modern concrete technology, a coal-tar epoxy
resin waterproofing sealer applied to the slab surface, and a 1-1/2-in.-
thick asbestos neoprene-asphalt wearing surface. This composite design
of a structural concrete slab protected by an efficient sealer and a
flexible wearing course is expected to produce a highly serviceable
bridge deck that can resist weather attacks and sustain the tremendously
increased traffic volumes on the New Jersey Turnpike.

Al9 Rooney, H. A., "Epoxy Resins for Structural Repairs,” The Fif-
teenth California Street and Highway Conference, Jan 1963,
pp 126-129.

The phenomenal adhesion of the epoxies stimulated a research pro-
gram to find adaptations of the epoxy resins as a structural repair
material for use on concrete highways and bridges.

The California Division of Highways uses four basic epoxy formula-
tions, in three of which the complete compositions are specified. The
fourth type is a modified coal-tar epoxy type which is adequately de-
fined by its physical and chemical properties. These formulations
comprise:

1. An epoxy-polysulfide binder, unfilled, for use in epoxy mortars
in areas not subject to subfreezing temperatures and for the bonding of
new concrete to old concrete.

2. A slow-setting epoxy-polysulfide binder containing a relatively
nonsettling and easily redispersed inert filler for use in bonding ex-
truded portland cement concrete curbs to asphaltic concrete.

8 3. A two-component epoxy-curing paste in which the components are
- mixed 1 to 1 by volume prior to use. This type is of value in the making
& of small repairs or in the cementing of reflective pavement markers in

g

place where a nonflowing product of buttery consistency is desired.

4. A two-component epoxy-coal tar formulation, corresponding to
Shell Guardkote 140, for use in epoxy mortars in cold climates or in
applications where a black color is not objectionable.

1964

T

A21 Bares, R., et al., "Practical Application of Synthetic Constructive
Material as a Result of Exact Definition of Material Properties,”
RILEM Symposium on the Research and Reception Tests of Synthetic
Materials for Construction, Liege, 9-11 Jun 1964, pp 465-477.

wow
o

13

N PR Y

A B - A % e m s —a % m _m m o .

1
[
i
|
i
i

, ’0‘!

N

- g



iy

W TV Y vy

+

-~

———y e —T—————— L A e 4 - —. e arans n e T———

The Institute of Theoretical and Applied Mechanics of the
Czechoslovak Academy of Sciences began its research into resin concrete
in 1958 when the Czechoslovak building industry began to feel an acute
need for a new, high-quality structural material resistant to various
aggressive effects and charact-rized by high strength. Various aspects
of selection of a suitable bonding agent on the basis of synthetic
macromolecular materials were considered. Extraordinary chemical
resistance, availability of raw materials, simple production and a
consequently low price. Circumstances of particular importance for the
building industry, decided in favour of furan resins. The criterion of
strength was not decisive.

Among the furan resins we considered the furfurylalcohol or
furfurylalcohol-furfurylaldehyde polycondensates as the most suitable
for the given purpose. The material which resulted from the use of
these resins as bonding agents for mineral aggregates was given the name
of Berol. Our research in this respect was brought to certain practical
applications, one of which, Berol pipes, is illustrated by a number of
photos.

A22 Brailsford A. D., and Major, R. G., ""The Thermal Conductivity of
Aggregates of Several Phases Including Porous Materials,” British
Journal of Applied Physics, Vol 15, 1964, p 313.

Expressions for the thermal conductivity of two-phase media are
derived for various types of structure, and these are compared with the
experimental results of Sugawara and Yoshizawa. The extension to the
case of three phases is given. For porous media, such as sandstone, the
structure plays a vital part in the determination of the thermal conduc-
tivity, and a model is proposed which allows this feature to be included
and which provides a consistent explanation of experimental data.

A23 "Lightweight Epoxy Resurfaces Bridge,’” Contractors and Engineers,
Vol 61, No. 9, Sep 1964, pp 58-59 and 62.

The first step in resurfacing the upper deck of the San Francisco-
Oakland Bay Bridge was to sandblast all surfaces and to repair potholes
and cracks over 1/16-in. wide with a mortar of epoxy resin and sand
aggregate. Then, just prior to surfacing, workers whipblasted the deck
to remove any grease or oil.

To withstand the heavy traffic loads on the bridge, the aggregate
was specified to be tough and highly abrasion-resistant. The aggregate
used as a 12-30 mesh natural silica-type sand supplied by Pacific Cement
Aggregates, Inc., San Francisco. The aggregate has a high percentage of
material with a Mohs hardness in excess of 7.

1965

A24 Blake, L. S., and Pullar-Strecker, P., "Epoxy Resins for Repair of
Concrete,” RILEM Bulletin No. 28, 1965, Paris, pp 25-31.

Epoxy resins are being used in Great Britain for repair of
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concrete but, because of their high cost, this use is generally limited

to repair of small areas. For repair of larger areas, or on roads where S .i
it is possible to close traffic for 7 days, the alternative cheaper e ﬁi
method of applying a concrete resurfacing is more frequently applied. ;. _

In general, experience with epoxy resins has been satisfactory but some R *

failures have occurred due to faulty application or to lack of knowledge
of the properties of the resin and hardener. It is considered that the A L
use of epoxy resins could be extended to a much wider field of repair I
work if more information was available on their physical and engineering ot
properties; manufacturers of resins have little information on these
properties. With these problems in mind, the Cement and Concrete
Association has made a preliminary but systematic study of the proper-
ties of epoxy resin and a full report is being prepared.

A25 Johnson,~R. L., "Cellular Concrete,” U. S. Patent 3,211,675, (CL
269-29.6), 12 Oct 1965; Chemical Abstracts, 17673, Vol 63, No. 13,
1965.

A cellular concrete having a curing cycle comparable to conven-
tional concretes, good acoustical properties, low thermal condition, low :
thermal expansion, resistant to freezing and thawing, fire resistant, Lo
and having a high compressive strength is made in the following manner: §-~1
portland cement (Type 1) 1000 and Hy0 324 containing CaCly 6.3 and .
acrylamide 12.5 parts were mixed for 3 min. and allowed to stand for 1.5
hours. In a separate container the following mixture was prepared:

4
epoxy resin 68.5, melamine-formaldehyde resin 3.1, Na a-sodioacetate 9.4, i
ethylene sulfide polymer (mol. wt. of 1000) 25, dimethylaminomethyl- ARk
phenol 4.7, 2,4,6~tris(dimethylaminomethyl)phenol 4.7, and Al powder 6 ;‘j'“jq
parts. The latter mixture was blended with the cement mixture and poured L e
into an open mold. When cured and dried, the resulting mixture had a S T

bulk d. of 83 1b/ft3 and a compressive strength of 2188 1b/in.2

A26 Krieger, P. C., "Concrete Connected to Concrete by Means of
Resins,"” RILEM Bulletin No. 28, 1965, Paris, pp 45-59.

x With an epoxy-glue, a reliable connection between two parts of
hardened concrete could be made, which connection was not influenced by
the type of curing of the connection, while also the long-time loading
tests gave good results for loads of 70 percent of the fractural load in
short-time testing. With a polyester-glue, no reliable connection
between two parts of hardened concrete could be made. It is not known
what the determining factor is in this connection. R

Judgment of the behaviour of the glued connection may be done by e
bending, tensile or shear tests, which in each case all lead to the same T
conclusions.

R AN SO

i
1@, .

A27 Mitchell, L. J., "Irrigation Operators’ Workshop - 1965: Concrete —
Repair,’” Bureau of Reclamation, Denver, Colo., 1965.

Numerous kinds of repairs are possible with epoxy resin mortars.
Epoxy resin mortars are made by adding sand fillers to fluid epoxy resin.
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These mortars should be mixed as lean as possible to avoid excessive
stickiness. A good rule for making epoxy mortar is to mix clean,
thoroughly dry, well-graded sand into the mixed epoxy as long as it is
possible to stir additional sand into the mix and still have it thor-
oughly coated with epoxy. If finishing difficulties are encountered,
more sand should be added. The addition of more or coarser sand will
usually increase the strength of the resulting mixture, which in all
tested cases, is higher than that for concrete. Maximum size of sand
used will depend upon the particular application. Sand should be the
coarsest that can be properly finished or featheredged if the applica-
tion involves featheredging. Applications may be ground by carbonundum
wheels or disks to produce the final smooth edges or to correct surface
imperfections.

A28 Mlodecki, J., ""The Application of Isobutoxysiloxane Resin to the
Manufacturing of Resin Concrete,’” RILEM Bulletin No. 28, 1965,
Paris, pp 67-73.

It is possible to obtain resin concretes under the application of
organic resins both epoxy and polyester with the addition of isobutoxy-
siloxane resin - with very good strength properties.

The addition of isobutoxysiloxane resin in the amount of 11 and 25
percent of the weight of the organic resin slightly lowers but does not
essentially reduce the bending and compressive strengths of epoxy and
polyester concretes.

The method of hardening the respective concretes seems to have an
important influence on their strength properties.

The application of isobutoxysiloxane resin as addition to epoxy
and polyester concretes would be advisable, should further tests confirm
the rightness of the assumptions that this resin, as a silicone one, in
view of its characteristic properties, should decrease creeping and
increase the durability of these concretes, and should also improve
other properties, essential for certain applicaions such as frost- and
heat-resistance, electro-insulating properties, etc. Tests of a number
of other properties of the said concretes are then necessary.

Under the application of the isobutoxysiloxane resin as binder as
well as of asbestos as filler, it is possible to obtain materials of
good strength properties, however considerably lower than concretes
manufactured under the application of the organic resins tested. These
materials may be applied in the cases when the strength requirements to
be met are not very high; however, other properties of the material are
important, particularly electro-insulating and thermic properties,
frost-resistance, and durability which characterize materials made from
silicone resins.

A29 Okada, K., "Resins for Concrete in Japan,' RILEM Bulletin No. 28,
1965, Paris, pp 73-81.

This paper describes briefly the present status of studies on
various resins used in the concrete works of both fields of Civil
Engineering and Structural Engineering in Japan. In our country, like
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other countries in the world, various resins, especially epoxy resins,
and some polymers are trially used as admixtures, bonding of surface

coating materials of concrete. But it may be said that these trials e
are just under way, though many researches have been made on the resins —r g
for concrete, and earnest efforts are devoted also by the manufacturers !h.'-1
to produce them at lower cost and even to discover more useful ones in e |
cooperation with the concrete researchers and engineers. .- o

A30 Palencar, Z., "Survey of the Techniques and Application of Mortars
and Concretes Using Waste Materials from the Chemical Industry as
a Base,” RILEM Bulletin No. 28, 1965, Paris, pp 81-87.

S d
The description of the mix indicates that a filled binder/weight RS
ratio appr. 1:4 is concerned. We are afraid that shrinkage and creep of R
such material are too great to permit its use as constructional material.
This paper shows how great the scatter of the obtained results is,
especially regarding Young's modulus (the largest value almost ten times
as large as the smallest value) and flexural strength (100 percent).
This, in conjunction with the small absolute value of Young's modulus,
only confirms how unsuitable the material is for constructional purposes.
What does the change of modulus depend on, how great is the shrinkage,
Ei creep and long-term strength? What degree of curing of the material can

be obtained at room temperature and high R.H.?

% A31 Periale, J. G., "Resinous Membrane Sealers for Bridges,” RILEM
;j Bulletin No. 28, 1965, Paris, pp 87-91.

The need for some type of protective membrane for bridge slabs has
been clearly established in the United States.

Extensive field work has been performed with epoxy resin based ]
membranes and at this time it appears that a high degree of protection i
is afforded to exposed concrete by such membranes. ‘

Polyester resins will no doubt play an important role in future 1
work with such membranes since they appear to yield protective properties o 1
comparable to epoxy resin based membranes and are about one-half the cost " 2 ,
of epoxy resins. R

e,
i

A32 Verzal, A. I., Ponomarev, M. A., Raetskaya, D. Ya., and Shreder,
A. G., "Properties and Use of Polymer Concretes and Mortars” (in . .
Russian), Proizv Stroit-Izdelii iz Plast. Mass Sb., 1963, pp 218- L e
239; Chemical Abstracts, 5050, Vol 62, No. 5, 1965.

TR

The properties and areas of use of various types of concretes v
prepared on the basis of mineral and synthetic binders are described. AR
Additions of low-mol.-wt. org. substances (surface-active substances
and plasticizers) and polymers have considerable effect on structure RSITATR
formation in concretes and on their physical-mechanical properties. . ‘
Thus, addition of the butadiene-styrene latex SKS-65 GP, a poly(vinyl
acetate) emulsion, phenol-HCHO, melamine-HCHO, and phenol-furfural resins ) .
to CaS04+0+5H,0 caused a change in the plasticity of the material, PR
decreased water absorption, considerable increased strength, etc. The T
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mechanism of the effect or org. additives on the properties of plastic
concretes is analyzed. E.g., the increase in strength and decrease

in water absorption of polymer gypsum containing the hect-setting
phenolformaldehyde resin is due to the filling of the pores of the
gypsum with the latter, in addition to further reinforcement when the
resin hardens. The properties of light polymer-silicate concretes based
on an agloporite-silicate binder with additions of synthetic resins
(furylaniline, urea-HCHO, and phenol-HCHO) and on the basis of silicate-
org. binders (e.g., water glass and Et silicate, the silicate KS) are
described. A review of investigations of polymer cement concretes and
mortars, org.-mineral concretes (plastic concretes), and studies of their
properties and construction uses is given.

A33 Warren, C. K., "Resin Bonded Concrete,” RILEM Bulletin No. 28,
1965, Paris, pp 109-121.

It was decided at the beginning of this programme that the best
approach would be to select a technique and suitable resin system which
promised the highest strengths at low resin concentrations. Then, after
a comparatively brief examination of the variables within the technique,
to obtain the optimum conditions, the main course of the investigation
would be directed towards determining the effect of variations in the
aggregate gradings.

1966
A34 Johnston, A. H., and Drewett, G. I. H., ""The Use of Epoxy

Adhesives with Concrete,” New Zealand Engineering, Vol 21, No. 3,
15 Mar 1966, pp 126-132.

- This paper deals briefly with the chemistry of epoxy adhesives, in
N somewhat greater detail with their uses and physical characteristics,

IR the materials associated with their use, with experimental work done in
A the Ministry of Works Laboratory, Christchurch, and finally with their
- practical application.

ﬁ} A35 Nielsen, L. E., "Simple Theory of Stress-Strain Properties of
: Filled Polymers,’” Journal of Applied Polymer Science, Vol 10,
1966, pp 97-103.

ﬁ'. By the use of simple models of filled plastics, approximate
equations are derived for the elongation to break in the case of perfect
adhesion between the phases and for the tensile strength in the case of
no adhesion between the polymer and filler phases. By combining these
S equations with equations for the modulus (assuming llookean behavior)

[U all the stress-strain properties can be derived, including rough

-8 estimates of the impact strength, as a function of filler concentration.
Among other things, the theory predicts a very rapid decrease in
elongation to break as filler concentrations increases, especially for
the case of good adhesion. It is also predicted for the case of good
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adhesion that the tensile strength of a filled polymer can be greater
than that of an unfilled polymer.

A36 Olavi, G., and Nilsson, S., "The Addition of Plastic Materials
to Cement and Concrete,” Sep 1966, pp 452-456, Road Research
Laboratory.

The technical advantages derived from the addition of synthetic
materials to mortar are discussed. A comparison is made between the
various types of synthetic products, their costs, and conditions of use.

A37 Voina, N., Velica, P., and Schiller, E., ""Some Problems
Concerning Concretes with Polymers” (in Romanian), Rev. Constr.,
Vol 19, No. 9-10, 1966, pp 506~511; Chemical Abstracts, 24358c,
Vol 68, No. 6, 1968.

The physical properties of concrete samples containing various
amounts of poly(vinyl acetate) were investigated. The compression
strength decreased while the axial tensile strength and the bending
strength increased with the amount of polymer. The strengths decreased
following water exposure, but the effect was more marked in samples with
high polymer content. Ir irradn. increased the strengths.

1967
A38 Bares, R., and Navratil, J., "Some Physical Properties of Resin

Concretes,’” RILEM Symposium on Synthetic Resins in Building
Construction, Paris, Vol 1, 4-6 Sep 1967.

An important factor for the structure exploitation of resin
concretes is their elasticity as a sum of the relations between stress
and strain under short-term loading up to rupture in various external
conditions. This contribution shows, in particular, the forms of
longitudinal, lateral, and volume stress-strain diagrams, as well as
the Poisson ratio courses of differently composed resin concrete of
various kinds. A mathematical relation well approximating the strain
diagrams of resin concretes is further introduced.

Attention is paid to limit strains, as well. Graphic representa-
tion of their relation to the mixture composition and prism strength
illustrates coincident behaviour of all resin concrete kinds. More,
there is emphasized the mutual connection or all the phenomena on the
observation.

The creep has been followed up by long-term tests, and accordingly
the long-term strength, both at various temperatures.

Attention is paid further to longitudinal changes of hardening
resin concretes as well as of hardened ones under the influence of
temperature or humidity variations. Finally, other properties of resin
concretes are mentioned.

-« . T e e v, e e v




A39 Bazant, Z. P., and Weiss, V., ""A Method of Testing Relaxation and
Durability Under Stress of Resin Concretes,' RILEM Symposium on
Synthetic Resins in Building Construction, Paris, Vol 1, 4-6 Sep
1967.

!

The effect of various aggressive media on loaded specimens is far
more pronounced than that on the nonloaded ones; this holds particularly
true about plastics and resin concretes. A simple method of measuring
relaxation and durability under stress has been developed for materials
with low extensibility, such as concretes and mortars. Circular C-shaped
rings are expanded by a set screw placed in the gap between the rings
ends to ensure time invariable strain. At the preset intervals the gap
is enlarged with the aid of a dynamometer by small values 6 and 2 § ,
the force produced by the set screw calculated by extrapolation of the
measured forces, and the rigidity of the ring determined. The deteriora-
tion of the specimen in time is examined by means of data on the force
relaxation and the decrease of rigidity. Under a sufficiently intensive
effect of the aggressive medium and stress the specimen fails after some
time. However, the ring may be broken at an earlier time by a sudden
enlargement of the gap and the lifetime of the specimen estimated on the
basis of the short-term load-carrying capacity ascertained in the test.
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A40 Berka, L., "Determination of the Creeping and Relaxation Functions
from the Results of the Creeping and Relaxation Tests,” RILEM
Symposium on Synthetic Resins in Building Construction, Paris,

Vol 1, 4-6 Sep 1967.

The method of torsional vibrations (serving for the determination
of elasticity coefficients and relaxation time) is not easily applicable
to constructional materials based on synthetic resin. Especially for
the resin concretes and in the technical practice, the creeping or
- relaxation test is more Irequently used for the purpose of determining
; the rheological properties.

ii In the present paper, a method is given, using the results of the

above tests for the determination of the rheological functions of
s deformation.

A41 Brocard, J., and Cirodde, R., "Fundamental Properties of Resin
Concretes” (in French), RILEM Symposium on Synthetic Resins in
Building Construction, Paris, 4-6 Sep 1967.

After a reminder that synthetic resins in aqueous dispersions form
are commonly used for modifying certain properties of hydraulic mortars,
the authors explain different considerations which led to examining the
case of concretes made up of mineral elements, agglomerated by a thermo-
setting resin. The choice was made amongst the numerous compositions
based on polyester and epoxy resins capable of cross linking at
temperatures around those common in our climates. The size and nature
of aggregates were examined so as to retain a minimum quantity of binder
for maximum mechanical resistances. Essential physical and mechanical
properties were fixed on the basis of two typical formulations (one
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derived from polyester, the other from epoxy). Finally, an important
part of the experiment was centred on the behaviour of resin in concretes
in use and more particularly on creep and the influence of temperature

on mechanical properties and creep.

A42 Cirodde, R., "Techniques d’'assemblages par collage,” RILEM
Bulletin, New Series 34-37, Series 37, Dec 1967.

The experimental observations reported here result from the
mechanical properties and the adhering properties of synthetic resins
thermosetting at room temperature. They deal with jointing traditional
materials by methods which, up to the present, have rarely been used for
structural applications. After a survey of the criteria selected for
judging a glue for concrete, the author describes laboratory techniques
used for testing glues for metals, gives the values obtained for a cer-
tain number of products on the French market, and examines the efficiency
of some surface treatments. The paper continues by stating some results
of tests of glueing materials such as stone, brick, wood, etc. Mixed
construction (concrete-steel, concrete-aluminium) for which experiments
are described, is the first result of study of concrete reinforced with
glued reinforcement. Apart from instantaneous features the ageing
behaviour of composite units under shear and bending stress has been
observed and has indicated some elementary values (creep for example).

A43 Colonna-Ceccaldi, J., "Mortiers et bétons de résine,” RILEM
Symposium on Synthetic Resins in Building Construction, Paris,
Vol 1, 4-6 Sep 1967,

Usually, mineral fillers (powdered slate or mica, calcium car-
bonate) are added to thermosetting resins to save money, and to enhance
the rigidness, without a decrease of easiness for high or low pressure
molding.

If you select as fillers two granular or powdered minerals with
two different crystal forms, but one identical parameter in the mesh of
crystal lattice, you may obtain some new advantages as the improvement
of mixture workability before jellification and the increase of the
mechanical strength.

Between a product with one filler and a product with two fillers
like that, the increasing factor of mechanical strength is 1,2 to 1,5 as
a function of the kind of the fillers, the composition of the resin and
the conditions of hardening.

The parameters of the mesh of crystal lattice are in respect of
the laws about epitaxy according to Royer.

The phenomenon remains the same if you add fiber glass to the
mixture; it is probably connected with a polymerization led by the
associated crystals.

Ad44 Franke, W., "The Employment of Epoxy Resin in the Sanitation of
Prefabricated Bridge Members Made of Prestressed Concrete,” RILEN
Symposium on Synthetic Resins in Building Construction, Paris,
Vol 2, 4-6 Sep 1967.
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Concrete cover margins ranging from 5 to 0 mm were discovered in :'if‘ui
hollow box-type members for road bridges made of prestressed concrete, RTINS
fabricated according to a specified technology, with the entire series RRRRIEINE+
s

in danger of being rejected.

The exact spotting and inspection of the damage areas, which were
reopened by chisel work and mended with epoxy resin mortar, resulted in
the complete restoration of the prefabricated members, and their
unrestricted applicability as prestressed girders. The bridge girders
surfaces were also impregnated and primed with epoxy resin providing
effective protection against corrosion for prestressed concrete girders
mounted over steam railways or waterways. Aptitude records were kept of e v
the various mortars, indicating that the most favourable strength values
were obtained with sand of 0/1 mm and a fineness modulus, as low as
possible, of approximately 45 to 50 cm?, and that mortars of these types
were easily workable and particularly compact. Equations of mean value
curves were defined empirically from graphic evaluations in order to ob-
tain indications for calculating mortar masses and their characteristics.
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A45 Gamski, K., "Dilatation thermique des mortiers résineux,’” RILEM
Symposium on Synthetic Resins in Building Construction, Paris,
Vol 1, 4-6 Sep 1967.

The dunes and Rhine sands are often used as fillers for preparing
resin mortars. The results of tests described in this paper show the
effect of fillers on the coefficient of linear thermal expansion of
mortars in the interval from -10 to +80°C. The filler amount is such
that it gives mortars, the apparent specific weight of which differs
between 1.82 and 2.36 g/cm®. When the temperature is changing from -10
to +80°C during the repeated cycles, the mechanical performances of the
mortars are decreasing.

The sand fillers notably decrease the flexural strength of the
mortars, but the compressive strength remains the same as the one of a
pure resin.
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Ad6 Gamski, K., "Quelques réflexions sur les circonstances susceptibles
de stimuler 1'utilisation judicieuse des mortiers résineux,” RILEM
Symposium on Synthetic Resins in Building Construction, Paris,

Vol 1, 4-6 Sep 1967.
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The author analyses the part of consultant engineer in building,
consulting scientist in chemistry and specialized laboratories in the
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% organization of researches which must be done before the use of mortars

N resins. The intervention of these competences in this subject must be

- organized in order to stimulate the preparation of prescriptions based

1 on the actual performances of mortars without taking into consideration

E‘ the composition of resin mortars. In this way, a free competition will

— be open between the suppliers, stimulating the technical progress. The .

- criteria of quality must be concerned together with the resin regarded .

d: as matrix material and mortar before and after setting, and concerned .

. with the interaction between mortar and support. REEER
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A47 Hahamovic, J., and Knezevic, N., "Propriétés du béton de résine de
polyester et de déchets de’asbeste,” RILEM Symposium on Synthetic
Resins in Building Construction, Paris, Vol 1, 4-6 Sep 1967.

Asbestos halde obtained from the mines in the form of particles of
1 mm, or asbestos waste, practically unusable in industry, can be used o
as puzzolane. It has been demonstrated in numerous tests that with a L
slight addition of this halde the strength of portland cement increases
to a certain extent, in other words that the cement, in a proportion of
20 percent, can be replaced by halde without any loss in the strength of
the basic material.

By adding polyester resin to this asbestos halde, in a proportion
of 14.7 percent, great strengths, both compressive and tensile, were ob-
tained in materials shortly after. Thus, after 5 days, the compress1ve

P .* ;
o

strength (R ) was 835 kp/cm? and the tensile strength (R, ) 212 kp/cm2. : f ~'?1
We are try1ng to 1mprove these results in order to obtain Rc 1000 kp/cm? :‘iué;»?
and Rt 250 kp/cm?, and it is probable that this can be done without 3

incredsing the juantity of resin. It is believed that this artificial RPN
stone can very well be used for the manufacture of various prefabricated " e
elements, because this material also possesses other favourable physical
and mechanical qualities, especially impermeability, frost and heat
resistance, as well as a good modulus ¢f elasticity.

A48 Hallquist, A., "An Investigation on Epoxy and Polyester Resin
Mortars as a Jointing Material,” RILEM Bulletin, New Series 34-37,
Series 37, Dec 1967.

The Norwegian Building Research Institute has undertaken as a
research project a study of the possibility of joining prefabricated
concrete building components by means of synthetic resins. The first
part of the program is a study of different mortars from which we hope
to be able to evaluate their structural properties. This paper deals
with an investigation on 45 different mixes of resin mortars. Three
epoxies and two polyesters were used as binder in varying proportions in
the mix - 15, 20, and 25 percent by weight. Three types of aggregates
were used and of the nine 25-mm X 25 X 170 mm test specimen cast, three
were cured at 20°C and either 30, 65, or 85 percent RH for 7 days.
Bending-, compressive-, and splitting tensile strength were determined
for all the test specimens. Using each mix, concrete cylinders, beams,
and cubes were jointed together with a 5-mm joint. The test specimens
were cured 7 days at 20°C and 65 percent RH and then tested for bond-,
bending-and shear strength. To test the bond between the different
mixes and reinforcing steel, mortar was filled in a steel pipe and
deformed steel bars 20 mm were pushed into the pipe butting together
10 cm from the end of the pipe. When the mortar had cured for 7 days at
20°C and 65 percent RH, the strength of the joint was tested.

Ad9 Hop, T., and Miodynski, Z., "Polymer-Mineral Mixtures as New
Building Materials,” Building Science, Vol 2, No. 2, 1967,
pp 147-163.
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The technology of mineral-polymer mixtures, their most important
properties proved by testing, and their application in the building
industry are discussed. The first part of the paper deals with the
mortars and concretes to which the proper polymer has been introduced
for the optimum change of their specified properties. After surveying
the polymers used for the modification of mortars and concretes, the
working of these chemical additions is shown, their influence on features
of mortars and concretes, mode of preparation of proper mixtures, results
of some tests, and the application of a variety of polymer mortars and
polymer concretes are discussed.

The second part deals with those mineral polymer mixtures in which
the sole binding medium is the appropriate synthetic resin. The authors'
test results are given and the uses of these mixtures for variety of
building structures discussed.

A50 Kofalt, J. A., "Investigation of Synthetic Resins and Synthetic
Resin Pavement Properties,” Jul 1967, Bureau of Materials, Testing,
and Research, Pennsylvania Department of Highways.

The objectives of the study were to compare the properties and
characteristics of synthetic resins with asphalt cements and synthetic
resin pavement with asphalt pavement in order to determine the durability
and practicality of using synthetic resins in highway construction.

The scope of these experiments includes:

1. The various resins supplied by two producers and two asphalt
cements were tested. Conventional and Department tests were employed in
testing and evaluating the resins and asphalt cements.

2. Synthetic resin and asphalt concrete specimens were compounded
and tested following Pennsylvania Department of Highways design and
control methods for bituminous concrete. Evaluations were based on
comparative resin and asphalt test results.

3. Several projects were constructed using synthetic resin as the
binder to evaluate mixing, placing, and durability of the resin concrete.

A51 Ionescu, I., and Enculescu, M., ""Bétons a base de résines
synthétiques sans liants minéraux,” RILEM Symposium on Synthetic
Resins in Building Construction, Paris, Vol 1, 4-6 Sep 1967.

This paper shortly presents some of the results of the researches
made for obtaining mortars and concretes containing organic binders based
on furfural acetone, phenol-formaldehyde and epoxy resins and the
combinations of them, showing the influence of their nature and of the
relations existing between the components of the concrete batch on the
basic properties of concretes without mineral binders.

Then, it analyzes the variation of the mechanical strengths of
the concretes without mineral binders in time till 2 years, and the
evolution of the experimental works for a period of 2-1/2 years of
working conditions.

In conclusion, it presents assessments of the fields indicated for
the application of the new type of concrete, in building construction
and in the technological equipment, taking into account the technical
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characteristics and the cost of the synthetic resins used as organic
binders.

A52 Ionescu, I., and Facaoaru, I., "Quelques résultats des recherches
de laboratorie et semi-industrielles concernant les betons a base
de résine furfurol-acétonique "FA"”,"” RILEM Symposium on Synthetic
Resins in Building Construction, Paris, Vol 1, 4-6 Sep 1967.

This is a presentation of the results of laboratory and semi-
industrial research on the properties of concretes having a furfurol-
acetone base during the interval elapsing between their manufacture and
the age of 2 years, namely:

~ the influence of the composition and the medium in which the
test pieces have been cured on the final properties of mortars and
concretes and the increase in mechanical strengths in relation to time -
compressive, tensile, and flexural strength, resistance to mechanical
shock, to wear by mechanical abrasion; permeability in water and
resistance to repeated frost-thaw;

- the variation of the dynamic modulus of elasticity in time, the
contraction and the swelling of concretes. The behaviour of experimental
works executed with concretes having FA monomers under conditions of
industrial operation for more than 2 years and recommendations concerning
the use of these concretes in the execution of construction works and
technological installations.

A53 Kreijger, P. C., "Use of Resins in the Repair of Concrete
Structures,” RILEM Symposium on Synthetic Resins in Building
Construction, Paris, Vol 2, 4-6 Sep 1967.

Preliminary results are given of an inquiry held in the Netherlands
on the repairing of concrete structures situated in- and outdoors. The
several types of repairing mortars - based on cement, on cement with
addition of polymers or purely on base of resin - do show an evident
shifting in the direction of the use of repairing mortars purely on base
of resins during the years of the execution of the repairings (before
1950 towards 1966).

A54  Lavie, M., et al., "Composite Beams Made of Resin Concrete and
Conventional Concrete,” RILEM Symposiwum on Synthetic Resins in
Building Construction, Paris, Vol 2, 4-6 Sep 1967.

A limited series of tests aiming at the investigation of the
bending performance of resin-concrete cement-concrete composite beams,
carried out at the Technion, Israel Institute of Technology, is
described. Preliminary tests with a variety of resins (PVA, Acrylate,
Polyester, and others} led to the choice of Epoxy resin as the most
suitable for the purpose, and determined the fundamental structural
properties of the concrete made with the chosen resin: axial load
strength, bond with cement-concrete, etc. Formulae for predicting
stresses and deflections are stated.
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A55 Nielsen, L. E., "Mechanical Properties of Particulate-Filled
Systems,” J. Composite Materials, Vol 1, 1967, pp 100-119.

The science of mechanical behavior of filled systems is in a poor -
state. The theory, even of elastic moduli, is not exact and for most
other properties is practically nonexistent. Experimental work has done
little to clarify the situation since, in nearly all cases, the various
variables affecting mechanical behavior have not been clearly separated.
Thus, the individual effects due to interfacial adhesion, dispersion,
particle agglomeration, and particle shape are not clearly known because

o'

of poorly characterized systems which do not allow one to properly

separate these variables in most experimental work. There is a pressing

need for better ways to characterize filled systems so that the .

mechanical tests can be properly interpreted. .
Areas of research especially needing attention (both theoretically B

and experimentally) include: .

(a) Methods of characterizing type of dispersion, particle
agglomeration, and flocculation in suspensions and the effect of these
variables on different mechanical properties. (b) Effect of particle
shape and particle orientation on mechanical properties and methods of
characterizing orientation in systems filled with nonspherical particles. -
(c) A theoretical understanding of the effects brought about by the size b
of filler particles. (d) Better methods of measuring the adhesion
between the filler and matrix phases along with the effects of adhesion
on mechanical properties, especially stress-strain and strength
properties.

A56 Okada, K., Sakamura, A., Murai, N., and Sate, Y., "Resin Concrete,” "
Journal of the Society of Materials Science, Japan, Vol 16, . 
No. 167, Aug 1967, pp 667-676.

In its use as a civil engineering structural material the major
= problems associated with resin concrete are concerning the manufacturing
F technique of large molds, its durability and fire resistance, and the

high cost of the materials.

Resin concrete is superior to cement concrete in mechanical
strength, chemical resistance, quick hardening and in many other
respects. With the cooperation of NTT (Nippon Telephone and Telegraph),
we are now testing the utility of resin concrete as materials for making
b . manhole covers for communication cables, and are carrying out research . *
® and development projects of its application to many other practical uses. ! 1
h In this paper we will show mainly the results of our research in :
polyester resin concrete.

-

f;' A57 Palencar, 2., "Quelques problemes concernant la structure des .

E _ bétons et mortiers de résine,” RILEM Symposium on Synthetic Resins )
F‘ in Building Construction, Paris, Vol 1, 4-6 Sep 1967. .

3 The paper deals with some problems concerning the structure of

o resin concrete and mortars based on epoxy or unsaturated polyester resin.

= The problems of the course of hardening for the material system depending

L o ¢
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on the conditions and the milieu, were examined, first by the determina-
tion of the degree of the resin hardening, and then by the investigation
of the physical properties of the material system referred to. The
report points out the importance of determining the degree of the binder
hardening as it is influenced by several factors, e.g., by layer thick-
ness, binder concentration in the resin concrete, the chemical nature of
the binder, the moisture, the temperature and so on, which cannot be

defined in an explicit way, and single cases cannot be compared mutually.

A58 Podgorski, D., "Evolution dans le temps des caractéristiques
mécaniques des résines époxydes,” RILEM Symposium on Synthetic
Resins in Building Construction, Paris, Vol 1, 4-6 Sep 1967.

It was realized that the epoxy resin based on coatings generally
became brittle when aging and that this brittleness is particularly
large at low temperatures.

In view of securing their durability, the problem is to find
formulations which assign, even after aging, a certain flexibility in
the cold state (-20°C) and, at the same time, leaving a sufficient
toughness at about +65°C.

Three formulations were considered:

- a standard formulation epoxy resin cured with polyamid,

~ the above formulation modified by adding a polysulfide liquid
polymer,

- the same standard formulation modified by adding coaltar.

Samples were tested, some after a normal aging (storage at 20°C),
others, after accelerated aging (storage at 80°C).

In order to try to establish a relation between these two types
of aging, we have observed the evolution of some of their mechanical
properties (modulus of elasticity, flexural strength).

The tests realized in different temperatures have shown off the
thermal sensitiveness of each of those mixtures.

A59  Podgorski, D., "Influence de 1’eau sur les caractéristiques des
produits a base de résine époxyde,” RILEM Symposium on Synthetic
Resins in Building Construction, Paris, Vol 1, 4-6 Sep 1967.

Water, in solid, liquid, or gaseous state, generally exerts an
unfavourable effect upon epoxy resin products, which can appear in
different ways and at various times.

Several formulations have been studied in the presence of moisture
and their comportment was compared with the corresponding waterless
formulation, taken as a reference.

It was considered the following cases where the properties of the
poly-additionned products, are modified by:

- water brought in one of the components of the formulation,
whether by adding just before the mixing, or by an absorption during an
extended exposure in a high relative humidity room.

- a component which absorbed water has been evaporated from, by a
stay in a ventilated drying-oven.
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- the curing of waterless mixtures in a high relative humidity
room or under water.

- the coat of waterless mixtures on wet or immersed supports.

- The evolution of the properties is controlled by bending and a——
adhesive tests, after a curing of 7 and 28 days. J o ’

A60 Pollet, H., "Bétons a liant de résine avec agrégats artificiels,” A
RILEM Symposium on Synthetic Resins in Building Construction, PR
Paris, Vol 1, 4-6 Sep 1967. ‘ :

e el

In the Laboratoire de Plastiques de 1'ICAM a Lille research is ’, . ,*
being conducted to reduce the cost of resin as a bonder so that this
material may be used for heavy concrete work.

The first condition to obtain this result is to use polyester
resins rather than epoxy resins. The compressive strength will be
somewhat lower, but polyester resins are much cheaper.

In order to reduce the required percentage of resin, we use ,
artificial aggregates (cubic shape) instead of natural aggregates; in CT
such a way, the required percentage of resin is 4 percent by weight o
instead of 12 percent in the case of natural aggregates.

Then, in order to make these cubes at a reasonable cost, we use a . .
mixture of clay and lime. The cubes are made by a machine for preforming -i“i'ii
and we use a compaction of 300 kg/cm?. After a heat treatment in an .
autoclave at a temperature of 200°C and a pressure of 16 atmospheres
during five hours, their compressive strength is nearly 1000 kg/cm?Z.

A61 Rechner, L., "Contribution a 1'étude de plaques minces en béton de S
plastique a liant économique thermodurcissable, et réalisation T
d’une installation pilote de fabrication en continu,’ RILEM !' i ’q
Symposium on Synthetic Resins in Building Construction, Pari: B
Vol 1, 4-6 Sep 1967. o

Different results concerning a study of plastics concretes with an e
economical thermohardenable binder base are presented. A comparison of N
different methods of manufacturing thin plates brings out the influence P 11
of the conditions of elaboration. A pilot facility for the continuous
manufacture of such plates was designed and various types of plate
elements with or without support were turned out.

A AR At Ak adh ot

A62 Rioufol, M., "Utilisation de polyesters en émulsion comme liants
o de mortiers et de bétons,” RILEM Symposium on Synthetic Resins in
Building Construction, Paris, Vol 1, 4-6 Sep 1967.
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The use of polyester resins as binders in substitution of cement
. makes it now possible to obtain concrete and mortars with outstanding
- mechanical properties.

However, the processing of such materials is quite a difficult job
and sets a certain number of precise requirements, i.e., the use of
perfectly dry aggregate, work in low-moisture content areas, etc., along
with the fact that cost price of the materials obtained is often
prohibitive.
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On the other hand, the use of polyesters under the form of emul-
sions avoids most of these inconveniences and leads to cheaper materials
with good mechanical properties.

Emulsification of polyesters is a well-known technique and may,
for instance, be brought about by rapid agitation of the components in
alkaline medium. Emulsions obtained are of the oil-in-water type having
interesting properties, one of which being that they can be polymerized
at room temperature with suitable catalyst, as used for polyesters.

In conclusion, this is a definition of the interest of using
polyester emulsions in the preparation of mortars and concrete with
organo-binding compounds.

A63  Rowlands, J., ""The Formulation of High-Polymer Compounds for the
Surfacing, Repair, Protection and Decoration of Concrete Struc-
tures,” RILEM Symposium on Synthetic Resins in Building Construc-
tion, Paris, Vol 2, 4-6 Sep 1967.

The paper deals with those shortcomings of concrete structures
which can be usefully overcome or assisted by the application of synthe-
tic resin compounds, and then goes on to outline briefly the relevant
properties of epoxy resins, unsaturated polyester resins, isocyanate
resins (including polyureas and polyurethanes), acrylic resins and
furane resins. The paper suggests that these basic materials require
sophistication at the hands of a Formulating Company. It is further
postulated that the general acceptance of these types of materials by
the Civil Engineering and Building Trade is dependent upon the supplier
offering a reasonable and effective guarantee of their efficiency in use
and, at this stage in the development of their technology, this pre-
supposes the provision of adequate supervision on site.

A64 Satalkin, A. V., et al., "The Influence of Watersoluble-Resin
Additions on the Principle Qualities of Mortars and Concretes,”
RILEM Symposium on Synthetic Resins in Building Construction,
Paris, Vol 1, 4-6 Sep 1967.

The injection of watersoluble resins into concretes and mortars
help to heighten their watertightness capacity as well as lower their
creep and shrinkage without any decrease of their compressive strength
and tension resistance.

The injection of resins, when comparing to polyvinyl acetate
emulsions and latexes, has good influence on hardening processes in
concretes and mortars when in humid medium.

The changes of the material properties arise from the resin influ-
ence on the structure formation processes. Additions of watersoluble
resins give the best effect when cements have a high percentage of Cj3A.

A65 Satalkin, A. V., and Popova, O. S., "Effect of Polymer Additives on
the Strength and Degree of Deformation of Concrete” (in Russion),
Sb. Tr., Leningrad Inst. Inzh. Zheleznodorozh, Transp., No. 276,
1967, pp 101-12; Chemical Abstracts, 109560h, Vol 69, No. 26, 1968.
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SKS-65GP (a latex based on butadiene-styrene copolymer), stabi-
lized with OP-7 (a wetting agent prepared from ethylene oxide and alkyl
phenols), water-soluble resin No. 89 (prepared by condensing m-(HzN),CeHq
with epichlorohydrin), or epoxy resins DEG-1 and TEG-17 were added to
cement mixes and physical properties of the obtained concrete were
studied. The additions caused some plastification of cement and made it
possible to reduce the water/cement ratio to 0.23 without affecting
workability. The compressive strength (0) and tensile strength (0') of
concretes containing the latexes depended on aging conditions and the
amounts of latexes. Aging in dry air could decrease o and ¢' , while
aging in the moist air or in the contact with water considerably in-
creased 0 and 0' in comparison with concretes containing no additives.
The optimum amount of latexes was 1.5 to 2.5 percent. The elongation at
break (E) and o' increased with time during aging. Thus, concretes
containing 2 percent resin No. 89 after 7-days cure had E = 325 percent
and o' = 207 percent of concretes containing no additives. The deforma-
tion of concretes containing latexes was not considerably different from
that of the untreated concretes.

A66 Valenta, 0. and Kucera, E., "What Properties of Epoxies are
Important When Used as Admixtures to Concrete” (in French),
RILEM Symposium on Synthetic Resins in Building Construction,
Paris, Vol 1, 4-6 Sep 1967.

The bond between cement and aggregate grains is of the utmost im-
portance for the most important properties of concrete (tensile strength,
durability). The use of certain plastics may lead to the improvement of
these properties. The analysis of mechanical properties of hardened
cement paste, aggregates, concrete and of certain plastics shows how we
could make best of this combination. The concrete frozen in wet state
is a good model of it from the qualitative point of view. The use of
epoxy resin in water emulsion is facing many problems as to the choice
of emulsifier, stabilizer, hardener, other agents, technology suitable
for effective application of epoxy resin into the concrete texture and
for hardening of cement and resin in the same conditions. The results
of the tests are postive as to the increased tensile strength and the
shrinkage. It is necessary to make better use of the excellent proper-
ties of epoxy or other resin of properties appropriated to the task to
be fulfilled in the improvement of concrete properties. And here the
word should be also given to research in plastics.

A67 Voina, N., et al., "Experimental Investigations Concerning the Use
of Synthetic Resins in the Concrete Technique in Rumania,” RILEM
Symposium on Synthetic Resins in Building Construction, Paris,

Vol 1, 4-6 Sep 1967.

The present paper gives a synthesis of experimental investigations
concerning the use of synthetic resins made in Rumania in order to
improve the physicomechanical and the chemical properties of mortars and
concretes.

The first part shows the results obtained on normally hardened
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g mortars and concretes with PVA addition. Several compositions were
. investigated where the mechanical resistances, the water stability, the . -
N elasticity moduli, the deformations under lasting load, etc., were e
determined. & J
Taking into account some disadvantages of these concretes, as water
instability, great contractions, reduced hardening rates, the improvement A :
of their properties by treatment with ultra-red rays was investigated. RS
The last part shows the results obtained on mortars with phenol- f<,¥1[3
formaldehyde, epoxy and monomer furfuriliden-acetone resins. Based on R »
the characteristics, the utilisation fields as layers of impermeability "‘“‘V?
and of protection against abrasion of hydrocyclones of the glass
industry, and as anticorrosive layer in sugar industry as well as in
that of lacteous products, are rendered.

RILEM Symposium on Synthetic Resins in Building Construction,
Paris, Vol 2, 4-6 Sep 1967.

A68 Werse, H. P., ""The Repair of Fissures in Concrete Structures,” - A
IR L

The paper describes methods for closing cracks occurring in the
concrete by the aid of synthetic resins. This is done by either cutting :
a groove and filling it with plastic mortar, or by covering the surface T
with a film of epoxy or polyester resin strengthened by fibre glass, ‘@ i
or by filling the cracks with fluid epoxy resin; the advantages and C
disadvantages of the individual methods are discussed.

Preparation and qualities of plastic mortar are described, special
stress being laid on the features which are essential for the choice of
the binding agent. The application of "repair mortar" is shown by some
examples; even facade lining plates have already been made of plastic
concrete.

The last part of the paper treats with paintings which were applied
to the concrete surface as protective coating or for aesthetic reasons.
The possibilities of application are described on the basis of similar DR
works executed. Besides the rigid duro-plastic materials, also gum E.{.Elizi

elastic materials were applied. {ii'
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A69  Auskern, A., "The Strength of Concrete Polymer Systems,’ BNL-12890,
Sep 1968, Brookhaven National Laboratory, Upton, N. Y.

The analysis of the modulus and the tensile and compressive - e o2
strength of concrete and concrete-polymer is, of course, limited by the o
validity of the assumptions made, by the lack of extensive experimental
data, and by the limited theoretical treatments of compressive strength
of composite materials. In spite of this, the simple models used gave T
fairly good agreement to the experimental results. Two conclusions ““’ i
emerge from the investigation: -

Surveys of the rebonded areas, two years after rebonding, showed Co e
that only 15 percent of the areas rebonded were again hollow. This is
in contrast to a 130 percent average yearly increase in the size of the
hollow areas over a five-year period in the nonbonded areas.
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This technique holds promise for hollow plane repair in bridge
decks. Better results could possibly be obtained with more refined
injection equipment, other epoxy types, or different liquid adhesives
such as certain elastomers more suited to this purpose.

A71 Estrada, N. S., "Polyester Overlays for Road and Bridge Protection
and Repairs,’ Highway Research Record No. 242, Highway Research
Board, Washington, D. C., 1968.

Sealing of deteriorated concrete surfaces and the provision of a
new, durable wear surface cannot readily be accomplished through the use
of conventional paving materials, such as concrete or asphaltic-concrete.
Various synthetic resin systems have been evaluated as sealers and as
binders for wear courses in attempting to resolve this problem. Epoxy
resin systems have been widely investigated and have the longest history
of satisfactory use. This paper describes the performance of a system
based on polyester resins, over a wide variety of exposures and use
conditions. The polyester system is basically quite simple and versa-
tile, involving application of a catalyzed resin to a clean, dry,
sandblasted road surface at a rate of 3 1b/sq yd. Clean, dry, round-
grain silica is broadcast in excess onto the wet resin. After the resin
has cured in 30 to 60 min the excess sand is brushed off. Three such
coats are generally recommended, giving a final thickness of at least
1/4 in. The system cures rapidly over a variety of temperature
conditions, 40 to 110°F, so that traffic can be allowed over the surface
within an hour after application.

A72 Gaul, R. W., and Smith, E. D., "Effective and Practical Structural
Repair of Cracked Concrete,” Epoxies with Concrete, SP-21, pp 29-
36, 1968, American Concrete Institute, Detroit, Mich.

After reviewing briefly why cracks should be repaired, the authors
discuss the feasibility of repair, how effective structural repair is
accomplished, and limitations of repairs. Examples are given of typical
applications of a method which consists in injecting an epoxy-resin
adhesive into cracks to "weld" the concrete back together into monolithic
form.

A73 Ishai, 0., and Cohen, L. J., "Effect of Fillers and Voids on
Compressive Yield of Epoxy Composites,’” Journal of Composite
Materials, Vol 2, No. 3, Jul 1968, pp 302-315.

Two series of epoxy composites, filled and porous, were loaded in
compression up to yield under several constant strain rates. Results
indicate a linear relationship between yield stress and log strain rate,
) characterized by a constant slope for the different compositions, and
& almost linear dependence of yield stress on filler content. A simplified
1 empirical formula was derived for the yield stress of filled composites
as function of filler content and strain rate. Similar dependence was
found for porous composites.

= The strain-rate dependence indicates non-Newtonian viscoplastic
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behaviour obeying the corresponding Eyring equation. The filler content
was found to have almost no effect on the activation volume terms, and

its main effect is apparently with regard to the activation energy 1
characteristics of the yielding process. ii”'"'“?

A74 Ito, K., "Pre-Cast Resin Concrete Manhole,” Japan Telecommunica- e
tions Review, Vol 0, No. 1, 1968, pp 230-234. R

This article describes the properties and structure of precast S
resin concrete manholes, which are now under trial use by NTT. ® -

The precast manhole serves to reduce the time required for manhole
construction. Polyester resin concrete has been adopted as the material
for precast manholes instead of conventional cement concrete. Precast
resin concrete manholes feature reduced weight, simplified installation oo
work, less excavating and require less repairs to road surface areas. S #

A75 Johe, C. H., and Thery, C. H. R., "Static Studies on the Behavior .
of Homogeneous Resin-Concrete Under Constant Loading; Comparison L e
with the Results of Dynamic Tests in a Shock Tube,” p 25, 30 Dec R
1968, Institu Franco-allemand de Recherches, St. Louis, France. T

Concrete plates with epoxy or polyester resins as binders were
subjected to static loads that were increased to the point of crack
initiation and fracture. Deformation and flexing up to fracture were
measured. Parallel with these experiments, dynamic control tests were
performed in a shock tube. Results obtained by the various tests are
compared with predicted theoretical values. Tensile crack initiation
was found to set in at loads of approximately 200 bar, while fracture
occurred at loads considerably higher.

A76 Kampf, L., "Repair of Concrete Bridge Pavements,’ Epoxies with
Concrete, SP-21, pp 53-66, Oct 1968, American Concrete Institute,
Detroit, Mich.

The mechanism of concrete failure is discussed. Concrete in a
bridge deck is subjected to stresses resulting from six dimensional
changes. There is a shrinkage of the concrete, in the transition from
the plastic to the rigid state, when it dries and when the temperature
drops. Chemical effects and the freezing and thawing effect can cause
expansion. The most difficult stress is caused by vertical deflections.
A repair material must therefore withstand these stresses. It must have
strength, flexibility, adhesiveness, and a low susceptibility to tempera-
ture change. Epoxies can be formulated to have all these properties.
The various materials available for the repair of concrete are discussed
as well as the epoxies. The epoxies discussed are straight epoxies,
polysulfide and polyamide epoxies, and coal-tar epoxies. Test results
are given on these materials and on the effect of formulation on their
properties. The use of epoxies as a surface treatment, as an adhesive,
and as a binder is discussed. For deep repairs a polysulfide or
polyamide adhesive with a high-strength, quick-setting concrete is
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preferred. For shallow repairs an epoxy mortar is favored. Surface
treatments are questionable.

A77 McElroy, J. A., "Rehabilitation of Bourne Highway Bridge,” Epoxies
with Concrete, SP-21, pp 79-92, 1968, American Concrete Institute,
Detroit, Mich.

This paper discusses the various applications of epoxy adhesives
and waterproofing materials used to effect a major rehabilitation of
the Bourne Highway Bridge which spans the Cape Cod Canal at Bourne,
Massachusetts. Discussion concerns the evaluation-of-condition survey
to estimate extent of deterioration; preparation of plans and specifica-
tions to accomplish repair; phasing of the operations to cause the least
amount of disruption to Cape access; and use of epoxy-resin materials to
bond old concrete to new, waterproof the concrete deck with a bituminous-
epoxy and glass-fabric membrane, and surface-coat concrete and steel.
Satisfactory accomplishment of the rehabilitation stresses the fact that
utilization of epoxy-resin materials can provide effective and economical
repairs and protection to concrete.

A78 Rooney, H. A., "Epoxies in Concrete Construction and Maintenance,”
Epoxies with Concrete, SP-21, pp 5-8, 1968, American Concrete
Institute, Detroit, Mich.

This article describes the work done by the Materials and Research
Department of the California Division of Highways, since 1954, in adapt-
ing epoxy resins to the maintenance and repair of concrete highways and
bridge decks. It discusses how the high coefficient of thermal expansion
of cured epoxy mortars, which causes portland-cement concrete over which
the epoxy mortars are applied to rupture in tension, may be neutralized
by the formulation of epoxy mortars having high creep values at sub-zero
temperatures.

A79 Steinberg, M., et al., "Concrete-Polymer Materials, First Topical
Report,” BNL-50134 (T-509), Dec 1968, Brookhaven National Labora-
tory, Upton, N. Y., and USBR General Report No. 41, Dec 1968, U. S.
Bureau of Reclamtion, Washington, D. C.

Activities are reported in a program established between the U. S.
Bureau of Reclamation and BNL to investigate and develop concrete-polymer
composites as improved building materials. Information is presented
concerning concrete formation, polymer formation, concrete-polymer
preparation, measurement of composite specimens, basic research, and
applications development.

A80 Steinberg, M., '"The Effect of High Velocity Projectiles on
Concrete-Polymer," BNL-12681, Jul 1968, Brookhaven National
Laboratory, Upton, N. Y.

The two tests on the effect of ammunition on concrete-polymer
material clearly indicate, in a qualitative manner, the marked
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improvement of the impact and antifragmentation properties of concrete-
polymer compared to concrete alone. This suggests some interesting

i possible applications as low cost armor plate. These preliminary o
. qualitative tests thus reveal that it would be well worthwhile pursuing ® ’#
‘! a program which would further investigate and evaluate the preparation ) “

and properties of concrete-polymer for impact and antifragmentation
resistance.

! A80(1) Solntseva, V. A., "Effect of Polymer Additives on the Water
-l Permeability ot Cement Mixtures” (in Russian), Journal, Sb. Tr.,
Leningrad. Inst. Inzh. Zheleznodorozh. Transp., Vol No. 276,
1967, pp 87-100; Chemical Abstracts, 109540b, Vol 69, No. 26, : k
1968. .

o'
A T - . -
. “n.L (VY ...

Latexes were added in small amounts to cement pastes and the ' ]
pastes were allowed to harden and age. Water was then forced under ® “'1
pressure through the concrete slabs to test their permeability. For
example, the untreated cements let water through the 2-ton pressure
after 7 days aging, while cement containing 33 wt. percent resin No. 89 IR
(prepared by the condensation of epichlorohydrin with m-(HzN)2CgHy) SR
withstood 20-ton pressure without leaking. The cement pastes containing '
latexes had somewhat increased compressive strength (0) and less water
was required for their preparation. Increasing the amounts of latexes
beyond ~30 percent decreased 0 of the resulting concretes. The
following latexes were used: SKS-65GP (butadiene-styrene copolymer),
DBKhB-70 (butadiene-vinylidene chloride copolymer), MF~-17 (a urea-HCHO
resin), and epoxy resins DEG-1 and TEG-17. The properties of concrete
containing latexes are best, when it is aged in moist air to provide the
most favorable conditions for the chemical bonding of the inorganic
entities, followed by aging dry air to form the films of latexes, which
impact resistance to water penetration.

: 1969

'l A8l Auskern, A., "A Model for the Strength of Cement-Polymer and
- Concrete-Polymer Systems,” BNL-13493, R-2, Mar 1969, Brookhaven
P - National Laboratory, Upton, N. Y.

Using simple semi-empirical models for the compressive strength
of cement as a function of porosity and filler content, a model for the
strength of cement-polymer was developed. The strength of cement-polymer
can be expressed by the equation

' - - 6
2 S, < (120,000 Vm)(l P)

where s is the compressive strength in psi, V_ is the volume
fraction“matrix (cement), and P is the real porgsity of the cement-
polymer composite. The model predicts strengths as high as 40,000 to
50,000 psi are theoretically attainable in this system.

The model was extended to the concrete-polymer system. It was
necessary, in order to compute the strengths of concrete and concrete-
polymer, to assume that in addition to strengthening the cement, the
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presence of polymer improved the bonding between the cement and aggre-
gate. This had been concluded in an earlier report. Reasonable
agreement between predicted and observed concrete-polymer strengths are
achieved.

A82 Berman, G. M., and Moshchanskii, N. A., '"Corrosion of Steel Rein-
forcement in Polymer Concrete” (in Russian), Beton I Zhelezobeton,
No. 5, May 1969, USSR, pp 6-8.

In polymer concrete with a furfural-acetone monomer base and a 5
to 6 pH, reinforcement is not subject to corrosion in a dry atmosphere.
When polymer-reinforced concrete samples are preserved in an acid
environmernt, especially in reheated acids, corrosion of the reinforcement
shows a marked increase. A thicker protective layer slows down the
corrosion process. When porous aggregates are used, they must be of
small dimensions. Polymer concrete (furfural-acetone, granitic aggre-
gates, quartz sand) cured in hot acids has a low chemical strength and
gives insufficient protection to the reinforcement.

A83 Davydov, S. S., et al., "I'wo-Layer Beams of Reinforced Concrete and
Steel-Polymer Concrete,” Beton I Zhelezobeton, Vol 15, No. 5, 1969,
USSR, pp 3-5.

Concrete slabs, 10 by 20 by 120 cm in size were cast by using
1:1.45 cement-river sand mixture and water-cement ratio of 0.48. The
slabs were reinforced with steel rods. Some of the samples were coated
with a mixture of polymer film shortly after pouring and compacting by
vibration. In some cases the reinforcement was prestressed before
pouring. The polymer-clad slabs had much higher resistance to cracking
and in most cases they did not require prestressing. The thickness of
the polymer layer is dictated by the construction requirements and
economic factors. It is in the 6- to 20-mm range.

A84 Geymayer, H. G., "Use of Epoxy or Polyester Resin Concrete in
Tensile Zone of Composite Concrete Beams,' Technical Report C-69-4,
Mar 1969, U. S. Army Engineer Waterways Experiment Station, CE,
Vicksburg, Miss.

This report describes the results of an investigation into the
feasibility of combining the high compressive strength of portland-cement
concrete and the superior tensile strength of epoxy or polyester resin
concrete into a composite beam. This would increase the beam's flexural
strength and improve the corrosion protection for the reinforcement at
large deflections by eliminating tensile cracks.

The report describes in detail the development of high-strength
resin concrete mixtures and summarizes the most important engineering
properties of the selected mixtures. Also included are the results of
third-point loading tests of 12 reinforced and unreinforced composite
beams with 1-1/2- and 3-in.-thick layers of epoxy and polyester resin
concretes. These results are compared with results of tests of two ref-
erence beams without resin concrete layers and with analytical results.
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The study led to the following principal conclusions:

a. Properly designed resin concrete layers at the tension face
of concrete beams can be used to moderately increase the strength and
rigidity of reinforced concrete beams, or to upgrade the flexural
strength of unreinforced beams by a factor of two to three.

b. More important than their influence on strength is the ability
of resin concrete layers to provide a noncracking moisture barrier or
corrosion protection practically up to beam failure.

c¢. The epoxy resins appeared to be more suitable for this appli-
cation than the polyester resins investigated due to lower shrinkage and
exotherm as well as higher tensile strength and tensile strain capacity.

d. In proportioning resin concrete mixtures, early attention
should be directed to properties other than strength (such as shrinkage,
exotherms, coefficient of thermal expansion, creep, sensitivity to
environmental factors, etc.).

A85 Goretskaya, E. A., "Strength and Deformation Ranges of Coarse-
Grained Polymer-Concretes Based on Poly(vinyl) Acetate Emulsions”
(in Russian), Stroit. Mater., No. 8, 1967, pp 201-209; Chemical
Abstracts, 33119q, Vol 71, No. 8, 1969.

Mechanical properties of concretes containing <20 percent
poly(vinyl acetate) emulsion (I) were tested. The concretes were
prepared by using a 1:1.71:2.91 cement-sand-gravel ratio and varying
amounts of water. Testing lasted <180 days. The tensile strength at
break and the compressive strength of the concretes containing I were
lower at first than those of the unfilled concrete; but after 180-days
aging, the compns. were 1.5 to 2 times as strong as the unfilled
concretes. The elasticity modulus was decreased; the tendency toward
plastic deformation of the compns. was increased by addition of ~5 per-
cent I. For this reason, the compns. were more resistant to cracking
than ordinary concrete.

A86 Knab, L. I., "Polyester Concrete: Load Rate Variance,'” Highway
Research Record No. 287, Highway Research Board, Washington, D. C.,
1969.

aaasa g aasaug

The effect of the variance of load rate on the engineering proper-
ties of a plain polyester concrete system was investigated. Both the
tensile and compressive phases of the system were evaluated. In the
tensile phase, the load rates ranged from slow static through the dynamic
range; whereas in the compressive phase, the load rates varied from very
slow static through very high static. Tests were conducted using one
type of a polyester resin combined with a feasible gradation of a stan-
dard reproducible aggregate. Wherever possible, standard ASTM tests for ‘

portland-cement concrete were used with each load rate held constant B i
F throughout the testing time of each specimen. hatas

Ultimate stress, modulus of elasticity, and the strain at ultimate v
stress were the basic engineering properties considered. Significant
. variation of these three properties in both the tensile and compressive
phases was obtained by varying the load rate. This investigation

CANaa age o 2 aumre)
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conclusively showed that the polyester concrete system studied will
withstand both slow and fast static loading conditions in both tension
and compression.

A87 Lindeman, R. A., "Dynamic Tensile Strength of Polyester Concrete,’
(unpublished), Nov 1969, Construction Engineering Research Labora-
tory, Champaign, Ill.

This report presents the results of 22 impact tests performed on
2.0- by 33.0-in. cylindrical test specimens of high-strength synthetic
polyester concrete. The results of the tests on polyester specimens
are compared with the results of previous tests on specimens of plain
concrete and steel wire fibrous-reinforced concrete.

Basic properties of the polyester concrete test specimens, such as
static tensile strength, static unconfined compressive strength, specific
gravity, mass density, seismic velocity, attenuation coefficient, and
complex Young's modulus of elasticity are established.

Test results revealed that the critical normal fracture strain of
the polyester concrete is dependent on the initial straining rate of
the pressure pulse, but that the critical fracture strain energy is
relatively constant over the strain rates employed.

The comparison of polyester concrete to conventional concretes
showed that the dynamic tensile strength of the former is superior to
either plain or fibrous-reinforced concrete.

A88 O'Meara, J. W., Savage, W. F., Evans, R. H., "Indexed Bibliography
on Corrosion and Performance of Materials in Saline Water Conver-
sion Processes-2,"” p 50, Mar 1969, Oak Ridge National Laboratory,
Tenn.

Abstracts are given for 45 reports issued by the Office of Saline
Water relating to the corrosion and performance of materials of con-
struction used in saline water conversion processes. The body of the
report is a copy of information stored in a computerized storage and
retrieval system for the Materials Information Center of the Laboratory.
The publication contains also a summary of a recently issued report on
concrete-polymer materials. An author index and a keyword index to the
reports referenced are given. This bibliography is a quarterly listing
dated March 1969.

A89 Steinberg, M., Kukacka, L., Colombo, P., and Auskern, A.,
"Concrete-Polymer Materials--Second Topical Report,” BNL-50218
(T-506), Dec 1969, Brookhaven National Laboratory and REC-OCE-70-1,
Dec 1969, U. S. Bureau of Reclamation.

Activities are reported in a program established between the U. S.
Bureau of Reclamation and BNL to investigate and develop concrete-polymer
composites as improved building materials. Information is presented
concerning monomer selection, polymer formation, preparation and proper-
ties of concrete-polymer composites, basic research, process and quality
control, and applications development.
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A90  Abd-El-Bary, M., Manson, J. A., and Goldstein, J. I., "Electron
Microprobe Investigation into the Diffusion of Ions Through Poly-
mers," Journal of Materials Science, Vol 5, 1970, pp 898-900.

The objective of this investigation is to study the mechanism of
ion diffusion through polymeric films and coatings. A better under-
standing of this phenomenon should aid progress with problems such as
corrosion protection and desalination membranes. The authors wish to
report some preliminary results obtained by means of electron microprobe
analysis.

Salt diffusion through polymeric materials have been studied by
several methods, e.g., chemical analysis, radioactive tracer techniques,
and neutron activation analysis. Although such methods yield useful
information about average diffusion parameters, they provide no insight
into details of diffusion on a localised and microscopic scale. The
electron microprobe, on the other hand, can be used to determine the
presence of specific ions in a volume element as small as 1 um in
diameter. Therefore, microprobe analysis should be useful in determining
local concentrations of diffusing ions and in examining the details of
the diffusion process in polymers.

A91 Berman, G. M., and Moshchanskii, N. A., "Corrosion Resistance
of Polymer Concretes,” Beton I Zhelezobeton, No. 11, Nov 1970,
p 14-16.

Results of the corrosion resistance tests of concretes. Basic
principles and mechanics of the strength reduction of polymer concretes
in aggressive liquid media are given. Quantitative values of performance
coefficients of polymer concretes in sulfurous and hydrochloric acids and
in water are obtained.

A92 Bezler, P., et al., "Design Studies on Multistage Flash Distilla-
tion .essels: Jan-June, 1970," Report on Polymer Concrete Appli-
cations Development for the Office of Saline Water, BNL~15138,
Aug 1970, Brookhaven National Laboratory, Upton, N. Y.

A preliminary survey of vessels for multistage flash distillation
units using concrete-polymer materials has been completed. These studies
were carried out in the period January-June, 1970. A summary of the
effort and the pertinent results are given in this report.

The design basis for the vessel study consisted of a horizontal
cylinder with hemishperical heads. The inside diameter was 30 ft and
the cylinder was 90 ft long. All the vessels -re designed to withstand
50 psig and 15 psig design pressures as well « full vacuum. They
were designed with a distributed load correspond. 3 to 2 ft of brine
with supporting fill of light aggregate. They were supported at every
15 ft along the cylinder.

Concrete-polymer material properties were assumed to be those
currently reported from other areas of the development program. In
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particular, the compressive strength was taken as 18,000 psi and the
tensile strength as 1,600 psi. Variations of up to 15 percent in the
assumed compressive and tensile strengths would not affect the results
of these design studies. Young's modulus values used were 7.5 X 10® psi
in the first sets of calculations and 6.5 X 10% psi in .he final sets.
Reference should be made to the concrete-polymer topical reports for
other properties.

The types of vessel construction considered in the design studies
were:

1. Standard reinforced construction.

2. Prestressed construction.

3. Concrete-polymer lined (coating in depth) ordinary con-rete
construction.

4. Ferro-cement construction.

5. Premix ferro-concrete polymer construction.

A93 Bloss, D. R., Hubbard, S. J., and Gray, B. H., ’'Development and
Evaluation of a High-Strength Polyester Synthetic Concrete,"”
Technical Report M-2, 1970, U. S. Army Construction Engineering
Research Laboratory, Champaign, Ill.

This report presents the results of the selection and subsequent
testing of a high-strength synthetic concrete. The program was ini-
tiated to select a material of maximum compressive strength (20,000 psi
desirable) using conventional aggregate with synthetic binders and to
obtain its optimum characteristics by testing.

The selection of materials program used a number of resin types
with varying aggregates. It was found that the strength of concrete was
limited to about 15,000 psi using conventional aggregates. The most
promising material, PPG 5119 in combination with Type III cement, was
found to be the only concrete to exceed the 20,000-psi compressive
strength goal. The resin-cement ratio was found to be optimum at about
1:2 by weight.

This investigation revealed that the high-strength synthetic
concrete's value lies in its compressive strength of 20,000 psi and
above. The nominal modulus of elasticity after two days and at room
temperature is about 1.4 X 10 psi. Direct tension values are in excess
of 2000 psi.

Major drawbacks of this material include extreme reduction of
strength with temperature (6000 psi at 210°F). Costs are in excess of
$250 per cubic yard for materials alone, plus high placement costs due
to special handling requirements. Handling is difficult because the
material has a short pot life and must be mixed in small batches. It
also has a very high exothermic reaction. This causes considerable
shrinkage in large pours and acquires pouring in layers not to exceed 4
or 5 in. The potential application of this synthetic concrete is
therefore limited to specialized use where these qualities would be
advantageous.

A94 "Concrete Beckons Polymers,’ Chemical Engineering, Vol 77, No. 5,
Mar 1970, pp 70-72.
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Unlike plastics' seizure of markets once held by wood, metals, and
paper, the move into civil engineering is being done by alliance: in
most instances, this is with concrete, but there are a few cases with
materials such as rock, soil, or even sewage and garbage. Researchers
are grooming ways to either incorporate cured polymers with these
materials, or else impregnate the material with the monomer and then
polymerize in situ. The polymer contributes to such properties as
strength, durability, and water resistance. A broad range of polymers
and monomers is being studied, including methyl methacrylate, polyesters,
styrene, epoxies, and nylon.

A95 Davydov, S. S., et al., "Epoxy Polymer Concrete: Rationalization
and Experience,” Hydrotechnical Construction, Sep 1970, pp 849-
852.

Polymer concretes, which are cementless and anhydrous and based on
synthetic polymer binders, are becoming popular in construction industry.
The department of civil engineering structures of the Moscow institute of
railway transport engineers has made a thorough study of the properties
(primarily resistance to water, creep, long-term strength, and adhesion)
of epoxy polymer concrete, and has erected efficient and economical
structures using this material. In hydraulic-engineering structures
epoxy polymer concrete should be used for bonding heavy-duty joints, for
ensuring watertightness of tunnels, galleries, pipes, and underwater
structures. for protecting structures in aggressive media, and for other
special purposes.

A96 "Experiments With Additives for Underwater Concrete,” Cement,
Amsterdam, Mar 1970, pp 103-110.

Research was conducted into the efficiency of additives in pre-
venting the washing out of cement under water and into the strength
attainable. Laboratory tests were carried out on concrete mortar with
and without additives. Each batch was used for the casting of two test
cubes, one above and the other below water. The tests were conducted in
four stages, the favorable results of which were again used as a basis
for subsequent tests. Although favorable results were obtained with a
number of additives, preference is given to bentonite, since in addition
to other advantages, this additive is relatively cheap. The influence
of bentonite will be verified in actual practice.

A97 Ghosh, R. K., "Concrete Repairs with Epoxy and Polyester Resins,”
Highway Research Record No. 327, pp 173-182, 1970, Highway Research
Board, Washington, D. C.

This paper reports results from laboratory investigation and field
trials on concrete repairs using epoxy and polyester resins with par-
ticular reference to outdoor works such as repair of concrete pavement.

A study was conducted at the Central Road Research Institute, New
Delhi, with heat-convertible synthetic resins such as epoxy and polyester
resins to determine their efficacy in concrete repairs with particuiar
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reference to concrete pavement. Although both of these resins, par-
ticularly the epoxy resin, have been in use for concrete repairs for
sometime past, more information is needed to establish satisfactorily
their different engineering properties in relation to environmental and .
job conditions. ® 1

A98 Holliday, L., "Inorganic Polymers,” Inorganic Macromolecules
Review, Vol 1, 1970, pp 3-16.

This paper does not seek to provide a synoptic view of the vast o
field of inorganic polymers. Instead it contains a few speculations ® :i
about future progress, as seen from a strictly personal viewpoint. These o
speculations revolve around three important points. These are: : '
(1) The distribution of the network bonds in space. , 1
(2) The nature of the network bonds. ]
(3) Mixed networks. L

A99 Kalandiak, M., '"Polymer-Containing Cement Compositions,’” S. African
Patent 68 05,949, 27 Nov 1969; Chemical Abstracts, 28476r, Vol 73,
No. 6, 1970.

Dry hydraulic cement mixtures with excellent storage stability and :
which may be hydrolyzed to yield floor coverings, plasters, grouts, and i
adhesives with excellent tensile, compressive, and flexural strength were
prepared by blending portland cement with 3 to 20 percent metal salts of
water dispersable polymers with glass transition temperatures >30°, Na
citrate setting retarder and sequestering agent for the metallic ions,
1 to 5 percent trimethylolethane or trimethylolpropane, 5 to 25 percent
Na,C053, and various defoaming agents, fillers, aggregates, and pigments.
Water-dispersable polymers used were the Ca salt of 46:49:5 (wt. %) Et
acrylate-Me methacrylate (I)-methacrylic acid (II) copolymer, the Al salt
of 30:20:40:10 Bu acrylate-acrylonitrile-I-acrylic acid copolymer, or the
Zn salt of a 25:55:12:8 2-ethylhexyl acrylate-styrene-vinyl acetate-II
copolymer.

N

Al100 Knab, L. I., Preliminary Investigation of Shear Failures in
Conventionally Reinforced Polyester Concrete Beams, M.S. Thesis,
University of Cincinnati, Cincinnati, Ohio, Jan 1970.

Shear failures in a conventionally reinforced polyester concrete L :
o beam system were investigated. Twenty-seven beams, with tension rein- ® i
) forcement and without shear reinforcement, were tested and their strength - '
characteristics were evaluated and compared to portland-cement concrete
shear beam data.

ROA P s a4
S

Portland-cement concrete shear beam research and data were used as .o
- an aid in statistically designing this experiment. Hypotheses concerning B
X the effects of two independent variables on three dependent variables 4

were stated and tested. The two independent variables were the span
length to depth of steel ratio and the depth of steel. The horizontal
cracking shear stress, the ultimate shear stress, and an ultimate shear
moment stress parameter were the three dependent variables studied. Held
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constant in this experiment were the unconfined compressive strength, the
percent steel and the width of the beams.

With one exception, both the span length to depth of steel ratio
and the depth of steel were shown to affect significantly the three
shear and moment stress parameters studied. It was concluded that the
polyester concrete used was compatible with conventional reinforcement in
the shear failure range. Further, it was concluded that portland-cement
concrete beam design procedures can be used as a guide in the shear
design of polyester beams, with the resulting design being conservative.

Al01 Krotinger, R. L., Pence, S. A., and Eilers, L. H., "Polymer Cement
Composition,” U. S. Patent No. 3,493,529 (C1 260-29.6: C08f), Feb
1970; Chemical Abstracts, Vol 72, 93080a, No. 18, 1970.

Sealant slurries useful for sealing off wells and which are
compatible with both polymer slurries and hydraulic cement slurries were
prepared by blending a hydraulic cement with 0.2 to 10 percent cross-
linked acrylamide polymer and 40 to 75 percent of a mixture of alkylene
glycols and water. Thus, a mixture comprising 100 1b Class A portland
cement, 1 1b polyacrylamide crosslinked with methylenebisacrylamide and
5.52 gal of a liquid mixture comprising 87 vol. percent ethylene glycol
and 13 vol. percent water had compressive strength 94 psi and 234 psi
after aging 24 hr at 100°F and 140°F, respectively, and had compressive
strength 261 psi after 72 hr at 140°F. A polymer prepared by polymg.
acrylamide with 4600 ppm methylenebisacrylamide and catalyzed by a
peroxide catalyst (60 parts) was mixed with 175 parts BaSO4 and 101.8
parts ethylene glycol and poured into an upright cylindrical bottle
(well-bore model) to one-third the capacity. A second compn. prepared
from the polymer >1, portland cement 100, and a 91:9 vol. ethylene
glycol-water mixture 453.5 parts, was poured onto the first compn. to
fill the bottle to two-thirds of its height. The bottle was completely
filled with the first compn. and the sandwich sealant compn. was set
24 hr at 140°F to yield a hard solid with excellent adhesion between the
three layers.

Al02 Newland, E. A., "Radiation-Induced Polymerization; Part II:
Concrete-Polymers, An Improved Type of Concrete Obtained by Using
Radiation to Combine Conventional Concrete and Plastic, A Bibliog-
raphy,” p 6, Nov 1970, Australian Atomic Energy Commission Research
Establishment, Lucas Heights.

Thirty-one references are listed, covering the period 1964 to July
1970. Arrangement is alphabetical by author within each year. Abstract
references for each article are also given, where applicable.

Al04 Reich, M., and Hendrie, J. M., "Design Studies on Highway Bridge
Decking and Luminaire Supports,” BNL-1513¢ -, 116, Jan 1969-Jun
1970, Brookhaven National Laboratory, Upton, N. Y.
A preliminary survey of the use of concrete-polymer materials for

luminaire support structures has been completed and a study of highway
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bridge decking has been started. These studies were carried out in the
period January 1969 to June 1970. A summary of the effort and the
pertinent results are given in this report.

Al05 Reich, M., and Hendrie, J. M., "Report on Polymer Concrete Applica- b ﬂ
tions Development for the Bureau of Public Roads; Design Studies
on Highway Bridge Decking and Luminaire Supports,’ BNL-15139,

p 113, Aug 1970, Brookhaven National Laboratory, Upton, N. Y.

Results of research on properties of concrete-polymer materials
are reported. Design studies related to overall applications and to
applications in roads were carried out during the period. It was found
that concrete luminaire structures can be advantageously used along
highways. Such structures will safely withstand wind forces of 120 mph
and should in the event of a collision, cause a change in automobile
velocity well within the prescribed safety limits. Experimental deter-
minations of the cyclic loading values based on the risk of rupture
concept, together with evaluations of the energy absorption indices for
concrete-polymer materials are necessary prerequisites before detailed
design work is undertaken. Results of highway bridge decking studies
are also reported in which the technique used was to study crack forma-
tion phenomena in concrete and to develop better analytical methods than
have been used in the past.

Al06 Rotario, G. J. and Miller, L. A., ""The United States Program on
Concrete-Polymer Development,” Conference on Radiation and Isotope
Techniques in Civil Engineering, Brussels, Oct 1970.

This paper discusses the United States' program on concrete-polymer
development. Government offices participating in this effort include
the U. S. Department of the Interior through its Bureau of Reclamation,
Bureau of Mines, and the Office of Saline Water; the U. S. Department
of Agriculture; the Departments of the Army and Navy as well as the
Department of Transportation's Bureau of Public Roads.

Apart from governmental activities, private industry in the United

. States has under way selected efforts directed to commercialization of
T; the concrete-polymer product for various uses including building block.
) Areas of potential application include high-pressure piping,

- conduit and sewage piping, highway and bridging construction, improved
; structures for increased mine safety, low-cost housing, underwater con-

! tainment vessels and habitats, as well as multistage flash distillation
; plants.

- Past and current work is focused on characterization of properties
- of concrete-polymers as well as assessment of various monomers for use

. in the process. The testing and characterization program includes
5 determination of abrasion resistance, effects of corrosive materials,
E! cavitation resistance and compressive strength.

o Al107 Singer, K., et al., "Cost Evaluation of Radiation-Cured Concrete-

B Polymer Materials for Pipe Manufacture,” Conference on Radiation
y and Isotope Techniques in Civil Engineering, Brussels, Oct 1970.
¥
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Experimental work on radiation-cured concrete-polymer materials has
been started as a joint program between the Concrete Research Laboratory,

‘ Karlstrup, and the Research Establishment Riso of the Danish Atomic DR
. Energy Commission. a ‘”%
! Preliminary investigations have included a number of material

combinations: lightweight concrete, normal-strength concrete and high- fj o
strength vibropressed concrete, different hard-compressed cement-sand s
e mortars, sand-lime bricks and plaster of Paris impregnated with

}Q methylmethacrylate, styrene/acrylonitrile and unsaturated polyesters.
¥ Large increases in compressive strength and splitting tensile strength
!' were obtained. Thus, compressive strengths of more than 2000 kg/cm? were

reached in some cases.

Al08 Steinberg, M., et al., "Concrete~Polymer Materials Development,”
Nuclear News, Sep 1970, pp 48-54.

This paper reports on the objectives of a joint program under way
at Brookhaven National Laboratory that concerns development of concrete-
polymer composites as new materials of construction.

The program includes the development of techniques for the prepa-
ration of the concrete-polymer material, the measurement of the physical
and chemical properties, the preparation of full-scale concrete pro-
ducts, and the conceptual design and evaluation of various specific
applications.

Al09 Steinberg, M., Manowitz, B., Kukacka, L. E., and Colombo, P.,
"Concrete-Polymer Materials and Polymer-Concrete Composites,” BNL~
14746, p 4, Feb 1970, Brookhaven National Laboratory, Upton, N. Y.

The compressive strength of concrete-polymer materials with
different aggregates is presented. The aggregate materials include:
sand, rock, soil, sewage, solids, and refuse.

All0 Towler, R. J., and Williams, R. I. T., ""Resin Concrete,”
Construction Research and Development Journal, Vol 1, No. 1, 1970,
pp 107-109.

Resin concrete may be defined as concrete in which resin, rather
than portland cement, is used as the binder. The resin serves the same
function as the paste in portland-cement concrete, initially providing
a fluid medium around the aggregate particles so that the mix may be
compacted and finally determining to a large extent the properties of
the hardened material. Various types of resin have been used but so far
the main emphasis has been placed on the use of epoxy resins and of
polyester resins.

1971

Alll Akhverdov, I. N., and Lavrega, L. Ya., "Effect of Water-Soluble
: Resins on the Structure Formation of Polymer Concrete” (in
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Russian), Dokl, Akad. Nauk. Beloruss. SSR, Vol 14, No. 12, 1970,
pp 1071-74; Chemical Abstracts, 67293u, Vol 74, No. 14, 1971.

The addition of ~2 percent water-soluble epoxy resin DEG-1 or
epoxy-amine resin E-89 to portland cement increases the rates of its
hardening and strength increase. The additives modify the concrete
structure by lowering the d., increasing porosity, and increasing the
final compressive strength. The polymers form insoluble networks in the
concrete which decrease the water evaporation rate and increase the
contact time between water and lime causing its more complete hydration.

All3 Backstrom, J. E., and Dikeou, J. T., "Polymer Concrete: A Potential
Construction Material for Desalination Plants: Part I,"” Desalina-
tion( Vol 9, 1971, pp 97-125.

Experiments were conducted to determine the feasibility and tech-
niques for impregnation and in situ polymerization of liquid monomers in
preformed concrete, and the inclusion of monomers directly into the fresh
concrete mix, followed by polymerization. Polymerization by both gamma
radiation and chemical reaction in the presence of heat was studied.
Studies include monomer screening tests, develo—ment of process tech-
nology, and development of applications.

All4 Bazhenov, Yu. M., and Martsinchik, A. B., "Investigations of the
Dynamic Strength of Polymer Concretes,” Structural Chemically
Stable Polymer Concretes, pp 59-61, 1971, Israel Program for
Scientific Translations, Jerusalem.

The features and the laws governing the dynamic strength of polymer
concretes were investigated at the Military Engineering Academy im. V. V.
Kuibyshev. This work was carried out in two directions: The behavior
of samples subjected to single impacts causing failure and to pulsating
impact loads (endurance) was studied. The principal material selected
for these studies was finely granular polymer concrete based on FA
monomer as binder.

The material was prepared in a 150-liter mortar mixer. The samples
were compacted through manual tamping, and hardened by being held at 100
to 110°C for 1 hr.

Al15 Berman, G. M., and Sazonova, L. M., ""Adhesion of Polymer Concretes
to Reinforcements, and the Corrosion Resistance of the Latter in
Various Environments,” Structural Chemically Stable Polymer Con-
cretes, pp 75-83, 1971, Israel Program for Scientific Translations,
Jerusalem.

Investigations, carried out at the Voronezh Institute of Civil
Engineering by L. M. Zalan and Yu. B. Potapov under the guidance of
Prof. A. M. Ivanov, Ph.D., have shown that polymer concretes based on FA
and FAM monomers exhibit decreasing creep under compression. These
studies have proved the feasibility of using polymer concretes based on
furfurol-acetone resins in load-carrying structures, including those
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subjected to the long-time action of constant loads. The ratio of the
tensile to the compressive strength is higher for polymer concrete than
for ordinary concrete, but nevertheless polymer concrete is a brittle
material which requires reinforcements in the tensioned zones of struc-
tures. The large creep of polymer concrete subjected to compression or
bending may in this case be an advantage, since it reduces the width of
the cracks formed in the reinforced tensioned zones of components sub-
jected to bending.

Use of reinforced polymer concrete in load-carrying structures
necessitates investigating the adhesion of polymer concrete to the
reinforcements and the corrosion resistance of the latter in various
environments.

1. Polymer concretes of the compositions investigated exhibit
strong adhesion to reinforcements:

polymer concrete based on FA monomer to plain steel rods of
various diameters, 45 to 200 kg/cm?; to rods of helical contour, 140 to
200 kg/cm?;

polymer concrete based on PN-1 resin or FA monomer to fiberglass
rods of helical contour and 6- [sic] mm diameter, 100 to 160 kg/cm?;

polymer concrete based on PN-1 resin to plain steel reinforcement
rods of 6-mm diameter, 100 to 120 kg/cmZ.

2. The surface layer (braiding) of fiberglass reinforcement rods
of helical contour was sheared off in all adhesion tests with polymer
concrete.

Al116 Billmeyer, F. W., Jr., Textbook of Polymer Science, 2d ed., Wiley-
Interscience, New York, 1971.

Chapters 1 to 4 comprise Part I, dealing with introductory concepts
and the characterization of macromolecules. Important additions in this
section include discussion of solubility parameters, free-volume theories
of polymer solution thermodynamics, gel permeation chromatography, vapor-
phase osmometry, and scanning electron microscopy, with extensive
revision of many other sections.

Part II (Chapters 5 to 7) deals with the structure and properties
of bulk polymers, and includes considerable revision of parts of Chap-
ter 5, where a few of the concepts of crystallinity in polymers, new in
1962, have had to be modified as our knowledge in this area has grown.

The format and content of Part III, concerned with polymerization
kinetics, have been revised primarily for the citation of recent advances
and new references. The exception lies in Chapter 10, whose topic is
ic ic and coordination polymerization, in which field many of the
concepts new in 1962 have now reached a stage of further elucidation and
acceptance.

The chapters of Part IV describe the polymerization, structure,
properties, fabrication, and applications of commercially important
polymers, including those used as plastics, fibers, and elastomers. Of
particular note are new sections in Chapter 15 on aromatic heterochain,
heterocyclic, ladder, and inorganic polymers.

Part V, dealing with polymer processing, has been revised primarily
by the addition of new references.
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Al17 Furr, H. L., "Bond and Durability of Concrete and Resinous
Overlays,” Report No. 130-5, 1971, Texas Transportation Institute, _ -
College Station, Tex. o

Research Study No. 2-18-68-130, Bridge deck deterioration.

Al18 Chebanenko, A. I., "Investigations of the States of Stress and
Strain of Load-Carrying Polymer-Concrete Structures by Means of
Enveloping Diagrams,’” Structural Chemically Stable Polymer Con-
cretes, pp 39-49, 1971, Israel Program for Scientific Translations,
Jerusalem.

Polymer concretes possessing long-time strength and subjected to
loads of constant sign can be assessed comprehensively by means of
enveloping O - € diagrams. Such diagrams in the form of nets were used
by the author of this paper in investigations of concrete based on
cement. The net method makes it possible to combine the theoretical
and experimental diagrams and thus recognize certain properties, charac-
teristics, and parameters which are of considerable importance in the
practical assessment of the technical qualities of materials used in
load-carrying structures.

Al19 Cherkinskii, Yu., Gornov, V. N., and Slipchenko, G. F., "Perfor-
mance Properties of Polymer Concrete Floor Coatings” (in Russian),
Stroit. Mater., No. 10, 1970; Chemical Abstracts, 15498v, Vol 74,
No. ¢, 1971.

The addition of butadiene-styrene latex SKS-65 or poly(vinyl
acetate) latex PVAE to cement gave compositions useful for coating
floors. The optimum latex/cement ratio is 0.15. Lower ratios gave
coatings of decreased water resistance as measured by detg. the thickness
(8) of the coating abraded in a std. test. The coatings required 2
months to complete hardening: & decreased rapidly during first month
after the application, slower thereafter, and it became const. after 2
months. The wear resistance of coatings kept under water or petroleum
increased a little with time, but for coatings based on SKS-65 under oil
6 increased from 337 to 1145 uym in 28 days. -

- Al20 Davydov, S. S., "On the Prospects of Perfecting Reinforced-Concrete

?i Construction,’” Structural Chemically Stable Polymer Concretes,

. - pp 3-5, 1971, Israel Program for Scientific Translations,
Jerusalem.

L Concrete based on cement has certain serious shortcomings, such as
i low resistance to cracking and to corrosion, and insufficient increase
L‘ in strength during aging. Addition of polymers to the cement, or the use
. - of polymeric binders in polymer concrete without cement can increase the
d strength of concrete two- to threefold and its resistance to cracking
: five- to tenfold, and render the material chemically stable in any
$ corrosive environment.

The continual appearance of new polymers and the improvement of
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their properties offers large prospects of raising the quality of
concrete by enriching it with polymers.

New types of nonmetallic reinforcements will also appear. Parts ‘
are already being made of fiberglass which has a specific strength ==
exceeding that of steel. Particularly strong and corrosion-resistant s
synthetic materials are now being produced, which may be used for
reinforcements. i

Reinforced polymer concrete may in its properties approximate .
either reinforced concrete or metal, depending on the manner and extent b
to which it is filled with reinforcements. It will, however, always be e
better than the latter materials, since it will have a longer service e ,ﬂ
life in any corrosive environment. It will, of course, always be more :
expensive than ordinary reinforced concrete; its use in structural shapes
will be economical only in special comnstructions, primarily in corrosive
environments. New, more suitable structural shapes must be developed in .
order to use it efficiently in large-scale building. It may be advisable i'"»'4-
to distribute this high-quality material as a thin wall along the ?
circumference of a section and thus obtain hollow lightweight elements.

By combining them with the aid of an adhesive it will be possible to
create highly efficient structures of large load-carrying capacity and
small weight, which may be used as supports in industrial buildings and
structures.

‘¢ l".".

Al21 Fraint, T. M., "Protecting Concrete by Means of Polymer Concrete
Against the Actions of Caterpillar Tracks,” Structural Chemically
Stable Polymer Concretes, pp 120-123, 1971, Israel Program for
Scientific Translations, Jerusalem.

The aim of this research was to develop compositions and methods
of applying wear-resistant coatings protecting reinforced-concrete ships,
quays, and concrete motorways subjected to the action of caterpillar
tracks. The coatings were to withstand grouser pressures of up to
100 kg/cm?2. L

1. The possibility is demonstrated of using polymer concretes - 'w‘
based on epoxy resins for wear-resistant coatings of reinforced-concrete = '
floors which have to withstand the action of caterpillar tracks. .

2. The resistance to wear of polymer concrete hardened with o
polyethylenepolyamine is tens of times higher than that of Grade 400 e g
concrete, depending on the linear speed of the grousers. A

-I ~ - -".""i"".-.

Al22 Ivanov, A. M., "Furfurol-Acetone Polymer Concrete -~ A Structural '.\ !
Building Material,” Structural Chemically Stable Polymer
Concretes, pp 25-38, 1971, Israel Program for Scientific
Translations, Jerusalem.

f* This paper deals with the results of creep tests carried out on
4 furfurol-acetone polymer concretes at the Voronezh Institute of Civil
8 Engineering (VISI) and at the Lipetsk branch of the Moscow Institute of
Steel and Alloys (LfMISiS) between 1962 and 1967.

Small samples were tested for creep at the beginning. The method
used remained unchanged also later when larger samples and parts

o aull
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approaching full size were tested. The procedure employed was the same
as for plastics and concrete based on cement.

Furfurol-acetone polymer concrete is a structural material
suitable for use in the load-carrying parts of buildings, which take up
compressive forces acting for long periods and are subjected to various
corrosive environments.

Parts made of polymer concrete, subjected to tension and bending,
must be reinforced. Reinforcing polymer concrete with steel rods yields
qualitatively the same effect as in the case of concrete based on cement.

Al123 Khozin, V. G., Sokolova, Iu. A., and Voskresenskii, V. A., "The
Dependence of the Physico-Mechanical Properties of Epoxy Resin on
the Degree of Hardening,” Structural Chemically Stable Polymer
Concretes, pp 124-129, 1971, Israel Program for Scientific
Translations, Jerusalem.

Extensive use of polymer concretes in self-contained structures is
largely prevented by the lack of data on the hardening of polymeric
binders and on the changes in the properties of polymer concretes during
short- and long-time actions of mechanical loads and corrosive environ-
ments. It was shown that creep of the polymer concretes in use is
considerable, which is inadmissible in structural materials. The high
deformability of polymer concretes, particularly at elevated tempera-
tures, is largely due to the properties of the polymeric binders.
Clarification of the relationships between the physical properties of
binders and their structures will thus obviously make it possible to
obtain polymer concretes with optimum properties.

Promising binders for polymer concretes are epoxy resins which have
spatial structures. Their properties have been less investigated than
those of linear polymers. The properties of polymers with spatial
structures depend on the density of the three-dimensional network.
However, this relationship has been fairly accurately determined only
for vulcanized rubbers having flexible and widely spaced spatial
structures.

Epoxy resins, like other rigid thermosetting polymers, have very
dense and rigid structures whose Mack-elastic properties are one to two
orders of magnitude less than those of vulcanized rubbers, and appear
only at elevated temperatures.

The extremal relationship between the degree of hardening of ED-5
resin and the polyethylenepolyamine content is demonstrated. A maximum
is observed at a polyethylenepolyamine content of 20 to 25 percent of
the resin weight.

Heat treatment, especially at below-optimum polyethylene-polyamine
contents, greatly increases the degree of hardening; this improves the
physicomechanical properties of the material.

Most physicomechanical, in particular the thermomechanical,
properties, which characterize the thermostability and deformability of
a polymer exhibit extremal dependences on the degree of hardening of
the epoxy resin. It was found that excess hardener acts like a
plasticizer, increasing the mobility of the spatial structure of the
hardened epoxy resin.
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Al24 Krivopolenov, V. M., and Belov, A. V., "Thermal and Moisture
Strains of Polymer Mortars,” Structural Chemically Stable Polymer
Concretes, pp 62-67, 1971, Israel Program for Scientific Transla-
tions, Jerusalem. - i

Corrosive environments and temperatures cause thermal and moisture ' o
strains in structures in which polymeric materials are used. The : -
nonuniform distribution of these strains over the bulk of the structure, o
and the constraints imposed on its free deformation lead to the simul- T
taneous appearance of internal stresses. Premature failure of the - --*‘r?
structure may occur if these stresses are not allowed for. Investigation
of the nature, magnitude, and features of the thermal and moisture
strains of polymer mortars based on thermosetting resins is therefore of
great practical importance. Furthermore, corrosive environments and
temperatures cause changes in the physicomechanical properties of the
material, which must also be taken into account in the design stage.

This paper presents the results of tests of comparatively small
samples based on phenolic, furan, and epoxy resins with finely ground
filler. However, the relationships obtained are, with some corrections,
valid also for polymer concretes containing coarse aggregates.

Al25 Lamba, K. D., "Accelerated Hardening and Rapid Checking of the
Strength of Polymer Concrete by Means of High-Frequency Currents,”
Structural Chemically Stable Polymer Concretes, pp 139-143, 1971,
Israel Program for Scientific Translations, Jerusalem.

This paper describes a method of accelerated hardening of polymer
concrete by means of high-frequency heat treatment.

This method is advisable because the material, in particular if a
poor heat conductor, is heated over its entire volume. The principal
advantage of high-frequency heat treatment, however, is the shortening
of the hardening duration to tenths or hundredths of the time required
otherwise.

Al126 Mamatov, Yu. M., Mukhamedov, Kh. U., and Vanifat’eva, A. A., ’"'Some uf.,
Properties of Lutes and Polymer Concretes Based on Furfurol-Acetone L
Monomers, ' Structural Chemically Stable Polymer Concretes, pp 104- e e
108, 1971, Israel Program for Scientific Translations, Jerusalem. s o

.

——

e

5 The compositions of polymer concretes, understood to be materials -b-<}sni
consisting mainly of a synthetic binder, a mineral aggregate, and a . -

hardener, vary within wide limits.

The choice of the composision depends on the purpose and hardening

y conditions of the polymer concrete and the components made from it.

: Some laws governing the properties of polymer concretes are

. presented in diagrams. The diagrams indicate the strength of polymer . ‘

concrete as functions of its age at different polymerization conditions. ,‘ L

The ordinates represent percentages of the maximum strength and not abso-

lute magnitudes. This permits a better comparison of strength values.
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A127 Mlodecki, J., "Application of 'Vinacet’ Polyvinyl Acetate Emulsion
to the Production of Polymeric Concretes,’” Building Review, Vol 43,
No. 5-6, 1971, pp 72-84.

The effect was studied of the "Vinacet" emulsion on the properties
of mortars and concretes. Its usefulness was assessed, and its prin-
ciples and range of application were determined. Vinacet D5 polyvinyl
acetate emulsion (contains no plasticizer) was used in the investigations
as well as cement mortar of plastic consistency. Vinacet emulsion
causes a significant increase in the liquidity of fresh mortar and the
possibility of lowering the amount of batch water by 15 to 40 percent.
Two hundred and fifty (250) grade concrete (with a cement content of
350 kg per cu m, water-cement index of 0.48, and plastic consistency),
portland cement (350), and natural aggregate of up to 20-mm grain size
were also investigated. The resistance to the bending tensile effect
was studied as well as the influence of various storage conditions on
polymeric concrete resistance. The crossed brick method was employed in
the adherence test. The adhesive power of the connecting mortar was
determined by fracturing by means of special apparatus. In the
experimental floor lining of polymeric concretes, concretes of 5 to
10 percent polymer content of the cement weight were used. Conclusions
based on the investigations are presepted.

Al128 Moshchanskii, N. A., and Paturoev, V. V., eds., Structural
Chemically Stable Polymer Concretes, Izdatel'’'stuo Literatury FO
Stroitel’stvu, Moskva 1970; Translated from Russian by the Israel
Program for Scientific Translations, Jerusalem, 1971.

The collection deals with the work, carried out in recent years by
leading scientific research organizations, on polymers containing large
amounts of filler such as polymer mortars without cement and polymer
concretes. The collection contains extensive information on the
technology and experience relating to the use of polymer mortars and
polymer concretes, as well as on the design of structures built with
polymer concretes in highly corrosive environments.

Al129 Nutt, W. 0., "Polymer Cement Surfaces for Concrete,” Composites,
Vol 2, No. 3, Sep 1971, pp 176~-177.

Polymer cements are composites containing both inorganic and
organic structures, and they were developed to overcome some basic
deficiencies of portland cement. Their cost restricts widespread use to
thin coatings for concrete, particularly for industrial floors. The two
most significant factors affecting performance of polymer cements as
floor surfacings are adhesion to the concrete substrate and strength
reduction on water absorption.

A130 Parker, H. W., Semple, R. M., Rokhsar, A., Febres-Cordero, E., and
Deere, D. U., "Innovations in Tunnel Support Systems,” p 263, May
1971, Illinois University, Department of Civil Engineering, Urbana,
I11.
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Innovations in the design and construction of tunnel support
systems and applications of new materials for tunnel supports are
presented in the report. Medium-to-large transportation tunnels in both
soil and rock are considered. While primary emphasis is given to support
systems for machine-bored tunnels, improvements in conventional tunnel
supports are also included. The Extruded Liner System, which can place
a lining by slipform methods immediately behind a boring machine, is
described in detail. The lining material which now makes such a system
practical is wire-fiber reinforced concrete made with high, very-early
strength regulated-set concrete. Modifications of segmented-type linings
are suggested to extend their range of applicability, and better ways of
erecting them are indicated. Polymer concrete is the most promising new
material for segmented linings. Square tubular and circular pipe
sections are shown to be structurally superior to wide flange sections
for steel frame tunnel supports subjected to a complex set of loads from
directions largely governed by the joint pattern in the rock mass. New
materials for sprayed support systems and semiautomatic mechanization of
sprayed support systems are evaluated. Guidelines for selection of the
most economical tunnels are presented.

Al31 Paturcev, V. V., "The Long-Time Strength of Polymer Concretes,”
Structural Chemically Stable Polymer Concretes, pp 14-23, 1971,
Israel Program for Scientific Translations, Jerusalem.

This article discusses the influence of certain factors on the
physicomechanical properties of polymer concrete.

The special features of the molecular structure of polymers cause
their relaxational properties to he noticeable already at temperatures
of 18 to 20°C.

Physically the effect of "resting" for a polymer is as follows:

Creep in a polymer during the action of a static load is accom-
panied by elongation of the polymer chains and stress relaxation. This
induces structural changes and a more uniform stress distribution in the
sample. Periods of "resting" thus not only interrupt the action of the
load but, due to relaxation, also interfere with the structural changes
in the material, which occur under load.

Polymer concretes and polymer mortars are materials with conglom-
erate structures, in which the polydisperse fillers are bonded by
synthetic resins into strong monolithic systems. The properties of
artificial conglomerates, in contrast to those of natural ones, may be
varied within quite wide limits by changing not only the type of the
binder but also the type and quantity of the filler.

Al132 Paturoev, V. V., and Zhukova, L. A., "Heat Release by Polymer
Concretes,” Structural Chemically Stable Polymer Concretes, pp 84-
89, 1971, Israel Program for Scientific Translations, Jerusalem.

One of the most important properties of polymer concretes and
various putties based on thermosetting synthetic resins is the tempera-
ture increase during their preparation and subsequent molding, which is
due to exothermic polymerization reactions of the binder.
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Thermograms make it possible to assess the completeness of
hardening and thus the strength of the composition investigated. T..is
is of great importance in selecting the formula and controlling the
hardening process.

Some synthetic resins (PN, FA, FAM, etc.) have a strong tendency
to react. This prevents mixing large amounts of these resins with
hardeners without introducing fillers first, since ntherwise the reaction
would be so rapid and such quantities of heat would be released that
spontaneous combustion and thermal destruction of the material would
occur.

Investigation of the temperature curves and the heat released by
polymer concretes were carried out with an automatic vacuum-flask
calorimeter designed by NIIZhB and others.

The NIIZhB calorimeters are designed for the determination of the
heat released by cements during hydration, but they may also be used for
determining the heat released by polymer concretes and mortars during
hardening.

Investigations of the heat released by polymer concretes and
mortars included development of a method of determining the maximum
polymerization temperature and computing the amount of heat released.
They also comprised studies of the effects of the type and quantity of
filler added, and of the ambient temperature on the maximum polymeriza-
tion temperature, of the influence of the composition mass on the maximum
polymerization temperature, and of sub-zero ambient temperatures on the
extent of hardening and the strength.

Analysis of the temperature curves leads to the following
conclusions: The bending point on the temperature curve corresponds to
transition of the composition from the liquid to the gelatinous state,
while the inflection point corresponds to solidification. The tempera-
ture attains its maximum value when transition of the composition from
the gelatinous to the solid state is terminated, after which the
temperature decreases smoothly.

Four phases may therefore be disting .ished on the temperature
curve.

Al33 'Plastics in Building and Construction,’ Plastics Conference,
Washington University, Jul 1971.

Proceedings of 15 papers delivered at the conference related to
the various aspects of the use of plastics in construction including
modular engineering; use in airplane construction; use of PVC; support
of coal mine structures with plastics; polymer concrete; pollution
aspects of plastics disposal; and urethane spray foams in roofing.
Bibliography data are included with some individual papers.

Al34 'Polymer Concrete,” Concrete Construction, Vol 16, No. 5, May 1971,
pp 173-175.

The article discusses the process by which the ordinary concrete
has been impregnated or loaded with a monomer material and then
polymerized by radiation, or by heat and catalytic ingredients, or by a
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combirnation of these two techniques. The result is a composite material
with improved characteristics. It is reported that polymer concrete

van increase compressive strength of concrete four times and freeze-thaw
resistance by 300 percent.

Al35 Putliaev, I. E., ""Shrinkage Kinetics and Internal Shrinkage
Stresses in Polymeric Materials Based on Thermosetting Plastics,”
Structural Chemically Stable Polymer Concretes, pp 50-58, 1971,
Israel Program for Scientific Translations, Jerusalem.

The present paper deals with the method of computing the strains
and stresses of polymeric materials in practice.

An important characteristic of structures or coatings of polymeric
materials based on thermosetting plastics is their ability to undergo
elastic or plastic deformations. However, a very important property of
a polymer is also shrinkage in the viscous and elastic state. The
internal stresses in the polymer may in these states become relaxed, or
may cause elastic strains. It is therefore very important to know not
only the absolute magnitude of the shrinkage (although it is decisive),
but also the shrinkage strains at the beginning of hardening of the
polymer.

Thermosetting plastics may be divided into two groups according to
their shrinkage behavior, namely low-shrinkage plastics (epoxy resins)
and high-shrinkage plastics (polyester, furan, and phenolic resins).

The shrinkage kinetics are expressed by an exponential law and
differ both qualitatively and quantitatively for the various thermo-
setting resins.

Shrinkage of a resin decreases when a filler is added, and thus
represents an attenuated process.

The most dangerous period as regards cracking of reinforced
structures or seamless coatings begins after 30 days of polymerization.

Al36 Read, H. E., and Maiden, C. J., 'The Dynamic Behavior of Concrete,”
p 61, Aug 1971, Systems, Science, and Software, La Jolla, Calif.

Particular attention is given in this review to rapid, impulsive
loading of concrete resulting from mechanical impact and sudden exposure
to radiation. Shock wave propagation and spallation phenomena are
discussed. The coefficients for an existing constitutive model of a
porous material are determined for a particular concrete. Numerical
results based on this model and on an existing elastic-perfectly plastic
model are given for several shock loading problems, and comparisons with
corresponding experimental data are presented.

Al137 Shapiro, A. I., "The Use of Polymer Concrete in Underground Mining
Construction,” Structural Chemically Stable Polymer Concretes,
pp 130-138, 1971, Israel Program for Scientific Translations,
Jerusalem.

Monolithic and assembled structures of polymer concrete and steel-
reinforced polymer concrete may be used in various kinds of underground
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construction. Polymer concrete is at present still 3 to 4 times more
expensive than reinforced concrete; we therefore selected structures in
which polymer concrete can compete with conventional materials not only
from the technical but also from the economical aspect.

The following works were carried out in recent years:

1. Single-layer annular linings for drains, installed by driving
rings. One hundred and fifty-five steel-reinforced polymer-concrete
rings of 1450-mm diameter, weighing 1120 kg each, were made.

2. Lightweight steel-reinforced polymer-concrete timbering for
mine workings in coal pits. A plant for such timbering was built, which
is capable of producing 40,000 elemencs per year, from which 21,000 pit
props and ceiling plates were made.

3. Timbering for pit shafts in potash mines. Two experimental
stretches of drainage shafts were encased with watertight timbering; the
volume of polymer concrete used in this case was 130 m3.

Underground polymer concrete structures having a total volume of
2500 m® were built under the supervision of TsNIIPodzemshakhtostroi. All
the polymer-concrete structures enumerated were tested successfully and
are now being tried in continuous service. Periodic inspection of the
underground polymer-concrete and mining structures showed that the choice
of the material has been correct.

Al38 Solomatov, V. I., "Mass Transfér in Polymer Concretes and Putties,”
Structural Chemically Stable Polymer C<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>